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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 


\ 
v 


JACQUES ANDRE STOHR 
83, route de Chartres 
Bures-sur-Yvette 
(Seine-ct-Oise), France 
and 


COMMISSARIAT A L'ENERGIE ATOMIQUE, 
STATE ADMINISTRATION, 
Paris, France 


Plaintiffs CIVIL ACTION 


NO.75-66 


vs. 


EDWARD J. BRENNER, 
* Commissioner of Patents 
: Washington, D. C. 


weoeovwvove ve we wewewn rrr 


Defendant 


_COMPIAINT. 


Plainlit{s for their Complaint stale as follows: 
1. That this action ariscs mice the Patent Act of 1952 and more 
particularly under Section 145 of Title 35 of the United States Code. 

12. “That cates Andre Stohr is a citizen of France who resides 
in Bures-sur-Yvette (Sdine-et-Oise), France, and whose post office address, 
is 83, route de Chartres, Bures-sur-Yvette (Seine-et-Oise) , France, and 

| that Plaintiff Commissariat A L'Energie Atomique, State Administration, a 


society organized and existing under the laws of the Republic of France, and 


its post office address is Boite Postale 510, Paris XV, France. 


i 
; 


3. That Plaintiffs authorize service of all papers on their 


1 attorney John J. Ryrne of Baker, McKenzie & Hightower, Chanin Building,’ 


815 Connecticut Avenue N.W., Washington, D. C. i 


4 


4. That the defendant Edward J. Brenner is officially a resident 


+ of the District of Columbia and is sued in his official capacity as United 


i States Commissioner of Patents. 


5. That the Plaintiff Jacques Andre Stohr is the original, first, 
| 


and sole inventor of the subject matter described and claimed in an application 


timely filed on July 10, 1964 in SEEDS with the laws ps the United States 
and assigned Scrial No. 393,800, said application being 2 continuation of an 


application timely filed on April 9, 1962 in compliance with the Patent Laws 
| 


of the United States and assigned Serial No. 186,617. Said later application 


praying the Plaintiff Stohr be allowed to surrender Letters Patent 2,932,720 


which had been issued in compliance with the Patent Laws) of the United States 
| 
on April 12, 1964 , "Metal Welding Methods". Plaintiff Stphr being the first 


and that Plaintiff Stohr be granted a Re~Issue Letters Patent, to be issued to 


Plaintiff Commissariat A L'Energie Atomique, State Administration. 


6. That Plaintiff Commissariat A T.' Tnergie RNS EE State 
Administration, is the assiqnee of the entire righl, title and interest in 
Letters Patent 2,932,720 and is the owner of the entire right, title and 
interest in Application Serial No. 186,617 and assented to the filing of said 


application and assented to the filing of the continuation application Serial | 


No. 393,800. 


7. That said Application Serial No. 393,800 tiled by the sole 


{ 

i 

! 

\ 

and sole inventor of the subject matter described and clainted in said patent, 
{ 

| 

| 

| s 


applicant and inventor Jacques Andre Stohr, Plaintiff herein, was duly filed 
and prosecuted in accordance with i statutes of the United States, and the 


 Tules of practice of the United States Patent Office in such cases made and 
provided, but the Board of Appeals of the United States Patent Office by a 
decision of November 15, 1965, erroncously refused to allow in said 


Application Claims 2 through 12 inclusive, | 


8. That as a result of the aforesaid erroneous decision of the 


| Board of Appeals the Defendant has refused and still refuses to grant 


i Plaintiff Stohr a Re-Issue Letters Patent of the United States on said applica- 


tion, although said Plaintiff Stohr is lawfully entitled thercto. 


9. That no appeal to the United States Court of Customs and 
Patent Appeals from. the aforesaid decision of the Board of Appeals has been 
taken, 
10. Plaintiffs make profert of a certified copy of the aforesaid 
‘ applications for letters patent Serial No. 393,800, and all proceedings and 
Papers in the file thereof, together with certified copics of the patents 
forming the basis for the aforesaid decision refusing to allow the claims and 
issuc Letters Patent.on said invention, said certified copies to be produced 


|, as and when this Honorable Court shall direct. 


THEREFORE, Plaintiffs pray this Honorable Court for a decree 
{ authorizing and directing the Commissioner of Patents to grant Plaintiff 
i Stohr a Re-Issue Letters: Patent of the United States, on the above-identified 
‘| Application Scrial No. 393,800 and-ils claims 2 through 12 inclusive; and 
it issuc the Re-Issue Letters Patent to Plaintiff Commissariat A L'Energie 
i Atomique, State Administration, upon the filing in the United States Patent 
i Office of a certified decree of such an adjudication and upon compliance 


with the requirements of the law in such cases made and provided, 


and 
COMMISSARIAT A L'ENERGIE ATOMIQUE, 
STATE ADMINISTRATION 
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John J. Byrne 7%, is 


Raker, Mckenzie &dl ighlower 
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IN THE UNITED STATIS DISTRICT COURT 
FOR TU DISTRICT OL COLUMBIA 


JACQUES ANDRE STOHR 
83, route de Chartres 
Bures-sur-Yvette 
(Seine-et-Oise), France 
and 


COMMISSARIAT A L'ENERGIE ATOMIQUE, 
STATE ADMINISTRATION, 
Paris, Trance 


CIVIL ACTION 
NO. _76-G@ 


Plaintiffs 
vs. 
EDWARD J. BRENNER, 


Commissioner of Patents 
Washington, D. C. 


ON SW Ss Ss SS Ss SS SS 


Defendant 
COMPIAINT | 


Plaintiffs for their Complaint state as follows: 


| 
1. That this action arises under the Patent Act of 1952 and more 


particularly under Section 145 of Title 35 of the United States Code. 


| 
2. That Jacques Andre Stohr is a citizen of France who resides 
| 
in Bures-sur-Yvette (Secine-ct-Oise),. France, and whose post office address 
- 4 
is 83, route de Chartres, Bures-sur-Yvette (Seine-ct-Oise), France, and 


that Plaintiff Commissariat a L'Energie Atomique, State Administration, a 


| society organized and existing under the laws of the Republi¢ of France, and 


its post office address is Boite Postale 510, Paris XV, France. 
3. That Plaintiffs authorize service of all papers on their 
attorney John J. Byrne of Baker, McKenzie & [ightower, Chanin Building, 
. | 


815 Connecticut Avenue N.W., Washington, D. C. 


4, That the defendant Edward J. Brenner is officially a resident 


| 
of the District of Columbia and is sued in his official capacity as United 


States Commissioner of Patents. 


| 
| 
| 
| 
¢ 


5. That the Plaintiff Jacques Andre Stohr is the original, first, 
and sole inventor of the subject matter described and claimed in United 
States Letters Patent 2 ,932,720 issued in compliance with the patent laws of 
the United States on April 12, 1960 for "Mctal Welding Methods", and is 
the first and sole inventor of the subject matter described and claimed in 
an application timely filed on Apri] 9, 1962 in compliance wilh the patent 
laws of the United States and assigned Scrial No. 186,617, said application 
praying that Plaintiff Stohr be allowed to surrender said Letters Patent 
2,932,720, and that Plaintiff Stohr be granted a Re-Issue Letters Patent to 
be issued to Plaintiff Commissariat A L'Energie Atomique, State Administration. i 

6. That Plaintiff Commissariat A L'Energic Atomique, State 
Administration, is the assignee of the entire right, title and interest in 
Letters Patent 2,932,720 and is the owner of the entire right, title and 
interest in Application Sorial No. 186,617 and assented to the filing of said 
application. 

7. That said Application Serial No. 186,617 filed by the sole 
applicant and inventor Jacques Andre Stohr, Plaintiff hercin, was duly filed 


and prosecuted in accordance with the statutes_of the United States, and the 


rules of practice of the United States Patent Office in such cases made and 


provided, but the Board of Appeals of the United States Patent Office by a 
decision of November 15, 1965, erroneously refused to allow in said 
* Application Claims 2, 4, 5, 6, 11, 12 and 13. 

8. That asa result of the aforesaid crroncous decision of the 
Board of Appeals the defendant has refused and still refuses to grant 
Plaintiff Stohr a Re-Issue Letters Patent of the United States on said applica- 


tion, although said Plaintiff Stohr is lawfully entitled thereto. 


| 
9. That no appeal to the United States Court of Customs and 
Patent Appeals from the aforesaid decision of the Board of Aes has been 
taken, 
10. Plaintiffs make profert of a certified copy of the aforesaid 


applications for lctters patent Serial No. 186,617, and all proceedings and 


papers in the file thereof, together with certified copies of;the patents 


forming the basis for the aforesaid decision refusing to allow the claims and 
| 


issue Letters Patent on said invention, said certified copies to be produced 


as and when this Honorable Court shall direct. | 


THEREFORE, Plaintiffs pray this Honorable Court for a decree 
authorizing and directing the Commissioner of Patents to grant Plaintiff 


Stohr a Re-Issue Letters Patent of the United States, on the above-identified 


| 
application including Claims 2, 4, 5, 6, 11, 12 and 13; anid issue the 
Re-Issue Letters Patent to Plaintiff Commissariat A L'Energie Atomique, 


State Administration, upon the filing in the United States Patent Office of a 
certified decree of such an adjudication and upon complian be with the 


requirements of the law in such cases made and provided. | 


JACQUES ANDRE STOHR 


| 
and 


_ COMMISSARIAT A L'ENERGIE ATOMIQUE, 
STATE ADMINISTRATION 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUISIA 
JACQUES ANDRE STOUR 
COMISSARTAT A. L'ENERGIE 
ANTOMIQUE, STATL 
ADMINISTRATION 
Plaintiff 


CIVIL ACTION 


IAT ,. SN Bo 
RA atone Te patents 


Defendant 
Joseph Schimmel, Acting 
Solicitor 
United States Patent Office 


Washington 25, D. C.- 
Attorney for Defendant 


ANSWER TO COMPLAINT 


fo the Honorable the Judges of the United States District 
Court for the District of Columbia 


1. Defendant admits the allegations of this 


paregraph of the complaint. 


©. Defendant, upon information and belief, 


admits the allegations in this paragraph of the conplaint, 


3. This paragraph of the complain neither requires 


nor needs any answer by defendant. 


4, 5. Defandant admits the allezations of these 
paragrephs of the conplaint. 


PATENT GROUP 
EM aH, 


iH i} cts 


3} 
i 


I MAR 15 1966 [31 


lbeorreu 
ee 


6. Defendant, upon information and belief, 
2gdmits the allegations of this paragraph of the con- 


plaint. 
| 
7. Defendant admits the allegations ef this 
paragraph of the complaint, ¢ exeept that which sntesss 
that the Board of App2als erronecusly refused to allow 
4n the identified application claims 2 throvgn 12 in- 
elusive, which allegation defendant denies for. reasons’ 


hereinafter given. 


! 
8, Defendant admits the allegation of this 
| 
paragraph of the complaint that he has refused an 3% still 
refuses to grant to plaintiffs letters: patent a 


United States, but cefendant denies, for reasons 


after given, the allegations that such refusal | = based 
upon an erroncous cecisica of the Board of appeals, and 


that plaintiffs are lawfully entitled to a pecreee 


9, Defendant adults the allegation of this 
paracrarh of the complaint. 


10. Defendant acrees with the =e in 
this parasrapa of the complaint, that plaintiffs make 


profert of a certificd copy of application Serial Hoe 
| 


8C90 and all papers in the file thereof. 


393 9° 


FURTHER ANSNERING, 
plaintiffs are not entitied to a ceeree a 
ner of Patents to grant reissue letters patent 
Moe 333,800, end containing 
claims 2 througn 333 equested in the prayer of 
the complaint, 


+, ee 


the law, for the reasons given and in view of the prior 
patent and publication cited and relied uvon by the 
examiner in the Examiner's Answer, and by the Board of 
Appeals in their decision in said application. Profert 
of said answer, decision, patent and publicaticn is hereby 


made. “ 


es spcotfully submitted 


4 : = 
i aie 
ECLNZ SOLICLCOP, PEON or oF 77a ememermeet 


&ttor sy for “Defendant 


March 1%, 1966 


I hevrevy certify that two cepics of the foresoing 
ANSWER TO COMPLAIN? were mailed aay, to Eaker, McKenzie & 


Hightower, 815 Connecticut wet) Sie We, Yashingte ong De Go 


UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 
JACQUES ANDRE STOHR 
COIZIISSARIAT A, L' ENERGIE 


ANTOMIQUE, STATE 
ADMINISTRATION 


Plaintiff 


Ve CIVIL ACTION 
NO. 96 - 66 


EDWARD J. BRENNER 
Commissioner of Patents 


Defendant 


Joseph Schimmel, Acting 
Solicitor 

United States Patent Office 

Washington 25, D. C. 

Attorney for Defendant 


ANSWER TO COMPLAINT 


| 
To the Honorable the Judges of the United States District 
Court for the District of Coss - 


1. Defendant admits the allegations of this 
paragraph of the complaint. 
.! 
| 
2. Defendant, upon information end belief, 
admits the allegations in this paregraph of the complaint. 
| 
3. This paragraph of the complaint neither requires 
| 
nor needs any answer by defendant. | 
| 
4,5. Defendant admits the allegations of these 


paragraphs of the complaint. SR0uP 


6. Defendant, upon information and belief, 
admits the allegations of this paragraph of the complaint. 


Te Defendant admits the allegations of this 


paragraph of the complaint, except that which alleges 


that the Board of Appeals erroneously refused to allow 
in the identified application claims 2 through 12 in- 
clusive, which allegation defendant denies for reasons 


hereinafter given. 


8. Defendant admits the allegation of this 
paragraph of the complaint that he has refused and still 
refuses to grant to plaintiffs letters patent of the 
United States, but defendant denies, for reasons herein- 
after given, the allegations that such refusal is besed 
upon an erroneous decision of the Board of Appeals, and 
that plaintiffs are lawfully entitled to a patent. 

9. Defendant admits the allegation of this 


paragranoh of the complaint. 


10. Defendant agrees with the allegations in 
this paragranh of the complaint, that plaintiffs make 
profert of a certified copy of application Serial HO, 
186,617 and all papers in the file thereof. 


FURTHER ANSWERING, defendant asserts that 
plaintiffs are not entitled to a decree authorizing the 
Comuissioner of Patents to grant reissue letters petent, 
based upon application Serial No. 186,617 and containing 


claims 2, 4, 5, 6,11, 12 and 13 thereof, as requested 


| 
tin the prayer of the complaint, because said claims are 
uunpatentable under the.taw, for the reasons given and 


in view of the prior patent and publication, cited and 


relied upon by the exaninr 4n the Examiner's Answer, and — 
by the Board of Appeals in their Gecision in said appli- 
cation. Profert of said answer, decis sstons patent and 


publication is hereby made. . | 
| 
| 
eres 
Respectfully ae 


\ . z 
“ co ye bowie ONT A ane ienn 
Ir 


. Patents .Orrice 


March.14, 1966. 


| 
| 

I hereby certify that two copies of the foregoing 
| 

ANSWER 0 COMPLAINT were mailed today to Baker, McKenzie & 


Hightower, 815 Connecticut Aves, N. Wes Washington, D. Cc. 
; a : i a L 


se rn eee ie 


eT toe, SSCS 
Acting Solicitor. 


IN THE. UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OP COLUMBIA 


JACQUES ANDRE STOHR 

COMMISSARIAT A L'ENERGIB 
ATOMIQUE, STATE 
ADMINISTRATION, 


Plaintiff 


Civil Action No,.95~66 
96-66 


Ve 


EDWARD J. BRENNER 
Commissioner of Patents 


) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 


Defendant 
ORDER OP CONSOLIDATION 


On Motion of the Plaintiff for consolidation of the above- 
identifled Civil Actions of November 2, 1966, and the Complaint thereto 
by Defendant, ond it appearing to the Court that the cases should be 


consolidated, 


It is here ordered that the above~identified Civil Actions be 


consolidated for hearing on Noverber 27, 1967. 


DISTRIGT COURT JUDGE oS 


2 3 int en 


Che = ict of Oolunbia 


Before 


Tre Honorasre EpwArp M. Curran 
U. S. District Judge 


Vorume No. ~ : " PREPARED FOR: 
Paczs: 


Barsard A. WitiraMson 
Official Court ‘Reporter 
United States Court House 


Washington 1, D.C. 


IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 


JACQUES ANDRE STOHR ) 
COMMISSARIAT A L'ENERGIE ) 
ATOMIQUE, STATE ADMINISTRATION ) 

Plaintiffs ) 
versus ) 
) 
) 
) 
) 


CIVIL ACTION 
NOS, 95-66 


EDWARD J. BRENNER 
Commissioner of Patents 96-66 


Defendant 


Washington, D. C. 
Thursday,| January 4, 1968 


The above-entitled cause came on for hearing before 


the HONORABLE MATTHEW F, McGUIRE, a U. S. District Judge, 
at 11:30 a.m. 
APPEARANCES: 


| 
7 | 
JOHN J. BYRNE, ESQ. 
GEORGE N, ROBILLARD, ESQ. 

| 

for the Plaintiffs 
LUTRELLE PARKER, ESQ. ' 
LEROY B. RANDALL, ESQ. 
RICHARD L. HUFF, ESQ. 


for the Defendant 


CONTENTS 
Witnesses 


Plaintiffs': DIRECT CROSS REDIRECT RECROSS 


DR. ROBERT J. MOON 18 52 19 


Exhibits 


Defendant's: For Identification In Evidetce 
No. 1 - Group of papers 5 
consisting of five 
aifferent items as 
listed on cover sheet 
of the exhibit. 


laintiffs!: 


Oo. 1 - File wrapper and contents 
of Stohr Patent 2,932,720 


File wrapper and contents 
of Reissue Appln. S.N. 186,617 


File wrapper end contents of 
continuation Reissue Appln. 
S.N. 393, 800 


Crttfa copy of Stohr Patent 


Schneider Patent 2,778,926 


Von Pirani Patent 848,600 
Schopper Patent 2,899,556 
Lorenz Patent 2,844,706 
Steigerwald Patent 2, 987,610 
Pierce Patent 2,268,197 (1941) 


Thermoelement 


PROCEEDINGS 


| 
MR. BYRNE: May it please the Court, John Byrne, 
representing the inventor, Jacques Stohr, and the French 


Atomic Energy Commission in a trial under Section 145 of: 

ithe Patent Laws for a civil trial on the issuance of a patent. 
This particular action is the combined actions 95-66 

and 96-66. These were heard at the same hearing at the 

Patent Office level, and at this time, with the Court permitting, 

so the record would be clear, I would like to nlalce a motion at 


this time to consolidate these separate actions for a common 
hearing at this time since the issues -- | 
THE COURT: And the subject matter is the same? 
MR. BYRNE: Yes, Your Honor. | 
THE COURT: How do we get two suits ested, that is 
hat I would like to know. i 
MR. BYRNE: I will go into that a Little bit -- 
THE COURT: I think you ought to tell me that now. 
MR. BYRNE: ‘This is a case where a patent issued, and 
he plaintiff filed for a re-issue of the patent under the 


pertinent statutes of the Patent Office within |two years for a 


| 
broadening re-issue of his originally granted patent. 
. | 
During the course of the prosecution of that case the 
| 
; | 
attorney handling the prosecution came, let us say, at an 


‘impasse with the Examiner handling the case, and so the 
Examiner could consider several new claims, for technical 
reasons, he filed'a continuation of the re-issue patent. In 


other words, he first filed for a re-issue, and then he filed’ 


itor a continuation of the re-issue while the first application 


for a re-issue was still pending, and he could not let that 
original re-issue patent become abandoned because it would 
pecome res adjudicata against him. So he carried them both 
up to the Board of Appeals. ‘They heard them both, and then 
they were appealed separately -- 

THE COURT: What, specifically, was the issue 
before the Board of Appeals? 

MR. BYRNE: The same as here, Your Honor, the 
patentability of some claims and whether the re is support in 
the specifications for others. 

THE COURT: Very well. What is the nature of the 
alleged invention? 

MR. BYRNE: Shall I enter this motion at this 
time to the clerk? i 

THE COURT: That is granted. TI poetne there is 
no objection. ; 

MR. PARKER: No objection. 


With ‘Your Honor's permission, can I offer out of 


THE COURT: I think you had better 
ark it for identification, Defendant's Exhibit 


obresumably in evidence, with no objection. 


MR. BYRNE: All right. 


'do that now. 


No. 1, and 


MR. PARKER: I have two; one for each case. 


THE COURT: Very well. 


THE DEPUTY CLERK: Defendant's Exhibit 1 in Civil 


Action 95-66, and 2 in Civil Action 96-66, are marked in 


evidence. 


THE COURT: We will keep these listed evidentially 
| 


hinder 96-66 because 95-66 has been consolidated 


MR. BYRNE: Very well. 


with 96-66. 


THE COURT: I will sign this order of consolidation 


and get that out of the way. 


Very well. 


(Defendant's Exhibit No. 1 
was received in evidence. 


Group of papers 
five different i 
on its cover she 


consisting of 
tems as listed 
et.) 


MR. BYRNE: Your Honor, I have ten exhibits here tha 


| will be referring to to some extent in my ope 
and I would like to enter them. 
THE COURT: They will be marked for 


and in evidence, with no objection, I assume. 


ning statement, 


i identification 


MR. PARKER: No objection. 


THE DEPUTY CLERK: Plaintiffs! Exhibits 1 through 


10 are marked received in evidence. 


(Plaintiffs! Exhibits 1 through - 
10 were received in evidence.) 


MR. BYRNE: Your Honor, we briefly reviewed the 
previous proceedings. 

The inventor, an employee of the French Atomic 
Energy Commission originally filed his parent case in France 
in 1956, and filed his patent in the United States in 1957. 
The patent which issued as a result of that application is 
enlarged here on the stand. 

The subject matter of the invention is in the 
field of electron beam welding which, prior to this invention, 
was an unknown art. 

The art of welding, of course -- 

THE COURT: You say electron beam -- b-e-a-m? 

MR. 'BYRNE: Yes, Your Honor, b-e-a-m. 

If I could go to the board for a minute, Your 
one I could give you a brief explanation. This is an 
evacuated container in which two pieces of metal are placed 


jin abutting relationship. A high energy beam is focused along 


that seam until a weld occurs, and -- until a plasma is at 


witness 
least formed, which the expert,will go into more at a later 


date, and the piece is moved in relationship to that beam. 


Either the beam can be moved along the seam, or the pieces 


| 
moved with respect to the beam. 


} THE COURT: I will ask these questions in order 


to try to understand it as you go along. You have Figure 3 


there and Figure 2, isn't that right? 


MR, BYRNE: Yes, Your Honor. | 


THE COURT: Those are the two pieces of metal. 
MR. BYRNE: Right. One piece of metal, and here 
s the other piece; this is the abutting edge. ( Indicating.) 
THE COURT: Those are the pieces that are sought 
© be welded, in the circumstances, in that fashion and along 
hat line. In other words, along the line so-called "7" there, 
MR, BYRNE: "7" is the point of Tangs of the beam 
| 


THE COURT: Along that line, point of impact. 
ll right. I see. 

MR. BYRNE: This is just another example -~- instead) 
f a lineal weld, it welds a cap ona cylindrical object. But, 
gain, this is an evacuated chamber and the theory is the same, 

This patent issued with a single a limited claim 


nd did not protect the invention in any way. Now, this happens 


on occasion, and the inventor in these instances does not 
get the fruits of his invention, and for that reason Congress 
passed a law calling for the authority -- for the re-issue of 
a defective patent. 
In this instance the patent claimed less than 
the inventor had a right to calin, and within the statutory 
period of two years the first reissue patent was filed. 
THE COURT: How many claims were there in the 
criginal application? 
MR. BYRNE: Eight, Your Honor. 
THE COURT: What was the limited claim that was 
granted? 
BYRNE: Pardon me? 
COURT: The limited claim that was granted? 
BYRNE: Claim 9, which was entered by amendment 
COURT: What was the basis of rejection of 
he other eight claims? 
MR. BYRNE: The other eight claims were rejected 


bn the basis of a Schneider patent which will be discussed 


couRn?: Is that S-y-n -- or -~- 
BYRNE: Schneider. S-c-h-n-e-i-d-e-r. 


COURT: All right. 


BYRNE: Primarily, the offending term in 


patent that issued is “periodically interrupting" this beam. 
As our expert witness will show, this did not -4 this was not 
a true wording of the concept put forth by the inventor. 
Prior to the Stohr invention welding was done by 
lelectric arcs and other conventional methods that were known 


| * 
for many years. However, since near the turn of the century 


scientists knew that by bombarding a piece of metal with an 
electron beam, heat could be produced, Prior to the Stohr 
patent, for instance, many others drilled poles in metal. In 
other words, the equipment was there, but no one conceived 

of welding along a line, such as Stohr did, having this 
displacement and bombardment. As we will go into it -- 


THE COURT: That is the gist of it, the so-called 


invention, the displacement and bombardment? 

MR, BYRNE: Yes, sir. Bombardment vhdile 
displacement. | 

THE COURT: . Displacing and ponbardment -- what does 
this term "displacing" refer to -- what is displaced? 

MR. BYRNE: Moving the beam relative to the seam 


or the abutting edge. 


| 
| 
This has developed into a large U. S. industry, 


= | 
nd world-wide industry, I might add, 


Even though these -- the components) of this inventig 


10 


were available for this many years, the art waited for Stonr 
to conceive and contribute this method where solid pieces of 
metal are joined along a common edge. . 

Prior to this hearing the attorney for the Patent 


Office and myself agreed that the issues -- certain claims could 


be dispositive of the issue “in this case, and I selected, and 


the Patent Office agreed that these claims could be 5, 9 and 
11 of the continuation reissue, which is Serial Number 393,800. 
Claim 5 is a new claim in which the ‘periodically 
interrupted" limitation is left out. 
Claim 9 is a copy of one Steigerwald patent. 
Claim 9 was copied to provoke an interference with the 
Steigerwald patent so that the Patent Office could determine 
just who was the inventor of the subject matter of that clain. 
Claim 9 was rejected by the Patent Office as not 
aving support in the Stohr application. 

Claim 11 is along the lines of the copied claim 9 
nd includes the -- effecting the relative motion between the 
eam and the seam, and hes also been rejected as not finding 
upport in the original Stonr application as filed, 

Therefore, the issues presented are two-fold: does 
laim 5 set forth a method which would have been obvious in 


dew of the teachings of the prior art to those having ordinary 
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skill in the art, as required by Title 35 USC 103, and are 

the methods of Claims 9 and 11 supported by the Stohr 
description in accordance with the requirements of Section 112 ; 
of that statute. : | 

The testimony of our expert witness, Doctor Robert 
Moon, will show the pioneer nature of this invention, and that 
to those skilled in the art the invention could be easily 
practiced having the Stohr deseription before them, and that 
it was not obvious at the time of the invention. This was not 
obvious because all of the components that were necessary to 
perform this type of welding were available, and no one nae it 
on the market until Stohr conceived of this method of welding. 
In the past ten years it is an industry to itself. 

An interesting aside is in finding an expert ~ 
witness for this.pioneer invention. There was| no one ~-~ there 
as no such thing 28 an expert in electron beam welding in 
1957 because there was not an industry that could be termed as 
such. : 

We will show that the Schneider patent, which was 
the principal and really sole reference used by the Exeminer, 
4d not in any way teach the pioneer nature of Stohr's invention 


| 
We will show that Schneider was primarily concerned 


with working with very small parts, filaments, coils, thermo 


3/ 


blements which can hardly be seen with naked eye, whereas 
Stohr was talking about real welds. 
We will also show that one skilled in the electron 
eam art could easily construct a machine that could practice 
he invention with the Stohr patent before hin. 
Thank you. 2 
THE COURT: Do you agree that the issue as framed 
by ccunsel for the plaintiff is correct, namely, does Claim 5 
set forth the method that is not obvious, and is the method of 
9 and 11 supported by Stohr's description? 
MR. PARKER: I geree with that, but I would like 
o go one step further, with Your Honorts permission. I would 
ike to also point out that we are calling to the Court's 
attention this morning a third reason for the ppeetonarce of 
he claims at issue here, and we are particularly talking in 
nis respect about Claim De Our objection to that claim is 
lniso based on the fact that this claim is broader than any 
claim in the original patent, broader than any claim in the 
reissue application, and since this doubly broadened claim was 
presented outside the two-year period provided for in 35 usc 251 
hen it shovld not be allowed on that basis, in addition to the 
other two reaons set forth by counsel here this morning. 


I would like, with Your Honor's permission, to 
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nme 
| 
| 


| 13 


| 
| 
crystallize the issue just a little bit more, if you please, 


particularly with reference to what I just said, I would 


like to call the Court's attention to the fact |that we have 
on display here the original Stohr patent containing puelcreaat 
: and in that claim there is the limitation relating to the 
interrnotion of electron beam. 
our position is that in the contingation of the 
reissue application in, more particularly, Claim 5 that is 
before this Court as illustrative of the entire group of . 
claims on appeal, nothing appears in that eth about the 
interruption of electron beams, and the absence of that 
limitation broadens that claim, this prontionine having occurred 
outside the two-year period. That is our additional reason. 
Now, with the Court's permission, I would like 


to go back and recite the Office's position with respect to 
the other claims before the Court. It has been mentioned that 
Claim 5 is also rejected and stands rejected as being 


unpatentable over Schneider. It was the position of the Office 


as set forth in Defendant's Exhibit 1, Items D and E, which 


point out the Examiner's Answer, that is, Item D, and the 
Board of Appeals! Decision, which is Item E. In both of these 


the rejection of Claim 5 as being unpatentable over Schneider 


| d 
was based on the fact that Schneider tells us four things. He 
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tells us in Column I, the first and second paragraphs that his 
invention relates to welding. He tells us also that he is 
going to use an electron beam for that welding. He tells us 
in Column 2, Lines 25 and 26, that the intensity of epee 
teen be varied. In Column 3, Lines 37 to 39, he tells us he 
ean focus that beam. And we find support for movement of the 
welded parts as we aim the electron beam in the sentence ~ 
bridging Columns 3 and 4. 

Now, it was the position of the Board the 
Schneider reference provided sufficient grounds for the 
rejection in this case, which is a 103, an obviousness type 
rejection. In the dispute over whether or not there was 
relative movement between the electron beam and the two pieces 


of metal to be welded, it was the Board's and the Examiner's 


position that it would be obvious, even if the reference didn't 
teach this, to move two pieces of metal which you are Beerinal 
to bind together as you weld it. Nothing new about that. 
That takes care of Claim 5. 

The heart of the issue as it relates to the 
other two claims that have been selected as illustrative of 
the case before this Court revolves around whether or not in 


the case before the Court this morning there is a teaching 


of penetration by the electron beam into the depths of the 


metal, so that the geometric nee tonsninipetneen the width 
of the weld and the depth of that weld is greater than a one 
to one. And I might elaborate on that just a little bit 
because in prior methods of welding the persons who engaged 
in this art based it primarily on the fact that they were 

, 
heating two surfaces to a temperature that they would fuse, 
and they relied on heat by conduction, which meant you got 


a Wide area ~~ you had heat over a wide area a before the 


metals would get hot enough from this conductive type heat to 


pee so that you would get a weld one tc one. | 
Now, the difference between what was done there 
and what the applicant is seeking to get a patent on today 
is that you have a concentrated type of beam that does not 
necessitate relying on conduction cf heat over) a wide area, 
but you get the eranentaeson of the energy of the electrons 


into the depth of the plate so that your width! ratio to the 


| 
depth ratio is somewhere in the neighborhood of one to twenty, 
| 


very narrow but very deep. You are going into the heart of the 
metal to be welded here. 
Now, the issue here turns around whether or not 
4n the @isclosure of this basic Stohr patent there is any 
teaching whatsoever of an electron beam so intensive that it 


Will penetrate into the depths of the metal as aistinguished 
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from conduction heating to give you the fusion temperature to 
get the weld. 
The position of the Office, of the Examiner and 
| the Board, ae that there was no teaching within the four 
corners of this reference, that is, the Stohr patent that is 
before the Court, of this penetrating depth of the beam, that 
what was relied on here was the conduction, heat by conduction. 
Now, if I am in order, I would like to call to the 


Court's attention the fact that the prosecution of this case, 


from the point of view of filing the complaint and the answer, 


and the continuation, it was called to the Court's attention, 
and this is in the record, that there was a suit pending out 
in the Northern District Court of Illinois that might have 
some bearing on this case. That case has been decided and I 
would like, now, to call it to the Court's attention. 

THE COURT: What was the nature of that case? 

MR. PARKER: This wes an inter-parties action 
wherein there was suit by the holder of a Steigerwald patent 
for en infringement of their invention. That is important 
because some of the claims here which Stohr has before the 
Court, particularly Claim 4, were copied from the Steigerwald 
perc The defendants in that case were supported by the 


Atomic Energy Commission -- French Atomic Energy Commission 


before the Court now. 


| 
| 


In that case the defense was that this Claim 4 of 
the Steigerwald patent was unpatentable over a| series of 
references. One of these references happened to be the Stohr 
patent that is before the Court this morning. “one of the 
questions presented to the Court in that case yas whether or 
not Stohr was teaching this deep welding that t have mentioned 


in the same manner as Steigerwald recited in the claims before 


the Court at that time, and the Claim 4 that is before the 
| ‘ 


ourt now. In findings of fact 17 in that case there was a 
| 


finding that Steigerwald was not teaching the same invention 
bs that presented in Claim 4 which is a deep welding type of 
eating -- he had deep penetration by the ao beam. And 
hat is essentially the issue that is before us here this 
Morning, whether or not Stohr who has a reissue patent and a 
ontinuation of that reissue patent, whether or not he in his 
briginal disclosure had the same concept of accep welding that 
iS before the Court here today. ! 
Ynat is the position of the office, Your Honor. 


We think that the position of the Board and the Examiner was 
| 


| 


orrect in this, and we are going to ask in the end to support 


hat decision. | 
; 
THE COURT: What is the citation ii that Illinois 


MR. PARKER: The citation of that case, Your Honor, 


| 77 


155 USPQ at 561. I Have a copy if Your Honor would like it 
to be passed up. 

THE COURT: Have you seen this? 

MR. BYRNE: Yes, Your Honor. I believe I called 
lit to the Patent Office's attention. The issues in that case 
were different, of SORES: and we can answer those contentions 
in order. 

At this time I would like to call an expert in 
this field, Doctor Robert J. Moon. 

Thereupon 
DR. ROBERT J. MOON 
as calleé as a witness by counsel for the plaintiffs, and 
aving been duly sworn was examined and testificd as follows: 
DIRECT EXAMINATION 

BY MR. BYRNE: 

Please state your full name, Doctor? 

Robert James Noon. 

And your address, please? 

THE COURT: Noon or Moon, 

THE WITNESS: "M", Your Honor. 

All right. 
BY MR, BYRNE: 
Your address, Doctor Moon? 


6907 Constance Avenue, Chicago, Illinois, 60649. 
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Q And your present position is what, Doctor Moon? 
| 


A Associate Professor of Physics at the University 


of Chicago. 
- | 

Q How long have you been with the University of 
Chicago? 


A Since 1930. 


Q Approximately thirty-seven years? 


A Right. 

Q Bease tell the Court briefly of your educational 
background and your highest degree obtained. 

A I did my Bachelor's Degree in my home town, South- 
west Missouri State College in Springfield, maisscunte I came 
to Chicago in 1930 interested in nuclear physics, and I did 
a thesis on electron diffraction at that time, which was 
published in -- completed in 1935. | 

THE COURT: What was your basic degree, BS? What 


was the degree you got in Missouri, BS? 


THE WITNESS: The degree in Missouri, Southwest 
| 


Missouri State College was AB in Science. 


THE COURT: In Science; I see. 


BY MR. BYRNE: 


Q And from the University of Chicago a PHD with 
your thesis on electron diffraction? 


A Right, PHD. 


THE COURT: Diffraction? 
THE WITNESS: Diffraction, d-i-f-f-r. 


BY MR, BYRNE: 


| Q Have you had any article published in this general 


lesera of electron beam behavior and diffraction? 

A Yes, Ihave. My thesis on the analysis of 
surfaces by means of slow electrons. I have published in 
regard to the seanning X-ray system which I developed, several 
articles. Should I enumerate them? | 

Q Dic you bring a representative sampling of these 
articles? 

A Yes, I have them here. 

THE COURT: I would be more interested in payin 
PEE A Bete familiarity with this presumably new 
field is. I am poncenneas not about his background which I 
would conclude in the circumstances is extraordinarily good -- 

MR. BYRNE: Right. . 

BY MR. BYRNE: ~ 

Q During your years as a professor at the University 
of Chicago were you detailed to any governmental special 
projects during this thirty-seven year period? 


A Right.. 


Q Would you enumerate several of them, please? 


A One of the first ones was the development under 
| 


the National Defense Research Committee of the electron 
ratchet tool. Another was the development of decade scaler- 
type counter. | 
Then, with the onset of the. war, we went into what 
was called neutron diffusion which was preliminary work that 
was done before the atomic energy work, 
THE COURT: Did you eventually get under the 
Stands there in the stadium in Chicago? 
THE WITNESS: Right, I did, Your Honor. 
BY MR, BYNRE: 
Q Were you a group leader in that project? 
A Yes. I was a group leader on the Manhattan Project 


as it became then, after we first achieved the self-sustaining 


chain reaction. 


Q Would you enumerate several of theprofessional 


Societies of which you are a member, and perhaps for how long? 


A The American Physical Society since 1935. I have 
: | 


been a member of the American Chemical Society. ‘There are so 


| 
many journals that you can't read them now-a-days, so I am no 
| 


longer a member there. I am a member of Sigma Psi, a member 
| 
of the Institute of Radio Engineers, now the Institute of 
| 


Electronic and Electrical Engineers. 


Q I believe that us sufficient. 


In most of this work was the item known as a 
cathode ray tube quite critical? 

A In most of the work I have done? 

Q Yes. 

A Yes, I have been quite interested in electron 
beams from the beginning, from my Doctor's thesis on. 

Q Do you do any consulting work at the present time 
in addition to your professorship at the University of Chicago? 

A Right. 

Q Would you name several of the companies you do 
consulting work for? 

A I have worked with Poole Brothers Printing 
Company on three-color printing, which involves electron tubes 
again, cathode ray tubes. I have worked with Sciaki. 

Brothers on electron beam welding. I have consulted with the 
Chicago Aerial Survey, and several other companies to a lesser 
extent. 


Q Doctor, I hand you here a copy of Plaintiffs! 


Exhibit 4, whichiis the Stohr patent as originally filed. 


Have you seen this patent before? 
A I have. 
Q Did you become acquainted with it at my request? 


A Yes. 
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Q Would you explain briefly -- not briefly, but would 
you explain what that patent taught you as skilled in the 
electron beam art? 

A Well, it taught me some very interesting things, 

i indeed surprising to me, for in my work with electron beams 
4t was always common knowledge, for example, that we could 
melt metals by means ee electron beams, It was quite common 
to puncture an X-ray tube target with an electron beam. That 
was unwanted, of course, but, of course, you could make fine 

: 

holes in this way. | 

But in between this making of a hole and oneeatic 
heating of materials comes this obvious thing which techniques 
were available for some time, namely, that of electron beam 
welding by means of moving a focusing electron beam at the | 
spot of abutment of two metals, and moving the metal or the 
pean, or at least moving the two relative to one another such 
that a weld is effected. 

Now, should I describe some of the| properties of 


this beam? 


THE COURT: I think the question was -- you framed 


it. yourself by way of answer -- what did this patent teach you; 
not what you already knew. Is that right? 
THE WITNESS: Yes -- 


| 
THE COURT: In other words, what did you learn from 
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this patent you didn't already know? 

THE WITNESS: The thing I learned from this patent 
is contained right here, is this relative displacement between 
the source and the pieces, in order to form a weld. . 

THE COURT: Well, now, let the record indicate he 
is referring to Patent 2,932,720, first column, line what, 
Doctor? 

WITNESS: This whole paragraph, really. 

COURT: Beginning with wnat line? 

WITNESS: Beginning with what line? 

COURT: What line? Iam trying to follow 
you on this original that I have, 

THE WITNESS: Oh, 46 through 53. 

THE COURT: In other words: "All the paremeters 

may influence the welding --" and so on? 

THE WITNESS: Right. 

THE COURT: Including Line 53. 

THE WITNESS: Right. 

~ THE COURT: Very well, Mr. Byrne. 


BY MR, BYRNE: 


Q Doctor Moon, in your opinion, could one skilled 


n the art construct this equipment and practice the invention 
ith the Stohr patent before him? 


A Without a doubt. 


Q- Doctor, I now hand you a copy of the Schneider 


patent, 2,778,926, which is Plaintiffs! Exhibit/5, and ask 
| 


if you have seen it before? 
| 


Yes, I have. 


Did you become acquainted with it at my request? 


Right. 


What does this patent teach you, Doctor Moon? 


A The main teaching of this patent is; electron 
machining for the most part. It teaches welding together =i 
shouldn't say "welding," but fusing together small wires such 
as in a bolometer, or putting a contact on a transistor, or 
semi-conductor. But whereas it has some of the| elements in 


nere, like motion, the motion is only for machining, not for 


elding. 


Q Is there a showing of welding and bombardment 


displacement type welding in that patent? 


A Not -- welding is mentioned, but displacement type 


elding is not really shown in this patent. | 


Q Can you find for us a reference in this patent to 
i1lding, however, of those fine filaments you mentioned? 
A Right. i 
In Colusin 2 there is a reference to| welding. 


THE COURT What line? 


THE WITNESS: I am sorry. It is Column 
BY MR. BYRNE: 

What line, Doctor? 

Line 42 to 52. 

Would you -- 


I'm sorry, through 57. 


THE COURT: Beginning with the paragraph: “The 


known processes --" 


THE WITNESS: "The known processes --" down 
through the econ paragravh following -- or the first 
paragraph following that one. 

THE COURT: And ending with, " ~- electrons 
for a short time." That is the end of Line 57. 

THE WITNESS: Right, Your Honor. 

BY MR. BYRNE: 

Q Is there a concept of continuous seam welding 
there, Doctor? 

A My interpretation of this patent shows no 
reference to a continuous seam welding. 

Q Does he mention the type part that he is going 
to fuse together in that -- when he speaks of welding there? 

A Yes. The parts he mentions are small, very tiny 


yarts, such 2s used in a bolometer or a thermocouple, radiation 
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type thermocouple, wherein the electron beam may be in the 
| 
order of the size of the elements welded, | 


Q Are you familiar with this type of equipment? 

A Right. 

Q ° Would you recognize a thermocouple element ring 
showed you an example of one? 


A Right. 
i 
MR, BYRNE: I would like to enter this for 
| 


identificstion, Plaintiffs! Exhibit 11. 


THE DEPUTY CLERK: Plaintiffs' Exhibit Number 11 
| 


is marked for identification. | 


(Plaintiffs! Exhibit Number 11 
was marked-for identification. 


Thermoelement.) | 
- | 


THE COURT: You are showing the witness, for the 


| 
record, Plaintiffs! Exhibit Number 11 marked for identification 


| 
and in evidence. 


(Plaintiffs! Exhibit Number 11 
was received in! evidence.) 


MR. BYRNE: And in evidence, yes. 


BY MR. BYRNE: 
| 


Q And ask that he identify this. 
A This is a thermoelement for measuring very. high 
rrequency currents. The current passes through a very tiny 


raiament here. Attached to this filament are two dissimilar 


metals which have a certain thermoelectric -~ develop a 
certain thermoelectric voltage as a result of the heat relative 
to the contacts ion the outside, and this creates a direct 
current which can be read on the rather simple type direct 
lcurrent meter. 
Q Is this the type element, in your opinion, thet 
Schneider was teaching the ons fused together? 
A Tis ig one of the types. The bolometer, for 
example involved many of these little tiny -- 
Q Would they 211 be equally small? 
A Equally small. 
MR, BYRNE: May I show the Court the size of the 
spot weld involved? 
. THE WITNESS: Your Honor, the weld 4s that tiny 
wire on the inside. You can scarcely see it. 
THE COURT: Yes, I have difficulty seeing it. You 


mean the little red wire? 


. 


THE WITNESS: No. It is not even colored. It is 


the tiny wire inside the tube. 
THE COURT: I see three wires. 
THE WITNESS: They support a fine wire. 
MR, BYRNE: The one across the top, Your Honor, 


that is horizontal to the -- 


THE COURT: I see. 


‘THE WITNESS: It is those fine wires that are 


elded, or fused. 


THE COURT: And that is a device for measuring 


bagh frequency current; right? 
MR. BYRNE: Yes, that is a thermocouple which is 
bne type of thing Schneider mentioned in his Resorioeton that 
ran be posed with this process or spot welded. 
BY MR. EYRNE: 
Q Would there be any movement to spot) weld an 
plement like this, Doctor? 
A No, no movement is necessary. 
Q Would this be an example of a tiny element that 
Lou mentioned? 
A Right. 
THE COURT: I was going to suggest to you 
Fentlemen this: if you expect to have lunch in the court house 
you really ought to go now because if you wait until 12:30 ali 
bf the courts will be over and there will be 2 line down there 


And it won't be conducive to your good health or your good 


Hispostion. So I suggest we stop now and we will return at 


hee 


| 
(Thereupon, the above proceedings were recessed at 12:17 


“Bem. until 1:45 p.m.) 
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AFTERNOON SESSION (1:30 p.m.) 
(Witness resumed the stand. Direct examination 
continued as follows: ) 
BY MR. BYRNE: 

Q Now, Doctor Moon, I would like to hand you copies 
of the Ven Pirani patent, the Schopper patent, and the Lorenz 
patent, which are Plaintiffs! Exhibits 6, 7 and 8. 

" Heve you seen these patents before? 

A Yes. 

Q Did you become acquainted with their teachings 
in response to my request? 

: A Yes, I did. 

Q What did the Von Pirani patent teach you generally? 

A Well, it is one of the earliest patents in the 
melting of povdered eats 4n order to consolidate them, 
particularly the highly refractory metals, like tantalum, 
and they did this by means of electron beam produced in a 
relatively crude way with -- however, no welding was envisioned 
mere, and the beam was broad. 

Q But they fused a metal? 


They fused a metal. 


A 
Q And what year did that issue? 
A 


That was in March -- March 26, 1907. 


All right. | 
What do the Schopper and Lorenz patents teach you 

generally? ) 
A Well, they both teach the drilling of small - 


holes by means of electron beam. 


Q In other words, there was equipment available 
prior to the Stohr invention that was capable of drilling holes 
in metal; would that be a correct statement? 

A Yes. 

Q is there a critical teaching in the Stohr patent 
that is not found in these three patents, and/or the Schneider 
patent or any of the prior art as you knew Me 

A Yes, indeed, there is, and that critical teaching 

jis the focusing of electron beam along the abutment of two 
metals and moving the metal relative to the beam such as to -- 
ané adjusting the parameters as mentioned in the teaching of 
the patent, such that a weld is effected along the abutment 
between the two metals. 
Q All right. | 

I have one more patent I would like to show you, 


‘Doctor, Plaintiffs! Exhibit 10, the Pierce patent. Have you 


become acquainted with that patent at my request? 


i 
A Yes.’ I was acquainted with it before your request, 
| 


Q What does that patent teach you, Doctor? 
A Well, the main thing about this John R. Pierce 
patent of 1941, issued December 30, 1941, was that it really 
ypat on a firm basis the design of electron guns. This had 
never been done before, the electron guns in your television 
tubes -- 
THE COURT: Design of electron what? 
THE WITNESS: Guns, g-u-n-s, Your Honor. It put 
it on a real firm basis. 
THE COURT: That is a word of art, as far as you 
are concerned. "Guns" to me mean guns. I know that is not the 


meaning. 


BY MR. BYRNE: 


Would you explain the operation of an electron 


Yes. May I make a short drawing? 
(Witness Steppedato the board.) 
THE WITNESS: An electron gun consists, first, 
of a cathode which is a source of electrons. I shall label 
his for you. This is the source of electrons. In the 
odern electron igun this is a hot cathode, operate at temperatu 
in excess of a thousand degrees Centigrade, generally. 


Then there are, in the Pierce type gun, there are 


52 


beam forming plates that will take the electrons that are 
thermally emitted, that is, due to the temperature, electrons | 
are boiled off much like water is boiled off in your tea 
kettle, electrons boil off in the surface, but they return 


Ito the surface unless we put a positive potential out here and 


pull them away. 

Now, the beam-forming plate, the shape of these 
depends on the kind of electron optics that one wishes to 
achieve. If, for example, you want to get a parallel beam 
to begin with, the plate makes an arate here of about -- this 
beam-forming plate here makes an angle of about sixty-seven 
and a half degrees -- that is in the Pierce type -- and about 
seventy-four degrees, and this is at the same dotentiel as 
the cathode. It does not, necessarily, have to be of this 
shape. I am giving you a specific eranpiee Then there may 
be another electrode down here if you wish the electrons to 
come out. Now, the electron is 1/1840 of the mass of the 
InySrogen atom. It is a very light particle, but it has a 


charge equal to that -- 


THE COURT: Why is the term "gun" used? In other 
words, it throws off these electrons; is that At? 
| | 
THE WITNESS: It throws off these electrons in 


2 directed direction. These electrons are particles -- sometime 
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behave as waves, such as by diffraction -- 

THE COURT: I wes curious why they use the term 
"sun." It is descriptive, as a matter of fact. 

THE WITNESS: Since they are light they can be 
Pecooane down to a point and focused. 

THE COURT: It is functionally descriptive. 

MR. BYRNE: Yes, Your Honor. It is a source of 
electrons that can be aimed at a point. 

. THE COURT: May I interrupt for a moment? 
(Remarks off the record.) 


BY MR. BYRNE: 


Q Would the Pierce gun, taught in this 1941 patent, 


be suitable for use in the Stchr disclosure? Would that be 
one type of gun that produced the desired weld? 

A Right. As a matter of fact, based on the Pierce 
un I designed the gun for my scanning X-ray tube which I had 
o produce a tenth of an ampere at 125 kilowatts. 

Q Weve 211 of the components necessary to practice 
he invention Geseripedin the Stohr patent available in the 

beriod 1956 or 1957? 3 

A Yes; they ~N We knew how to make high vacuum, 

e knew how to produce electron beams with fine focal spots, 


ith high currents, currents of the order of a tenth of an 


5 


ampere or more up to half an ampere. We knew how to 
mechanically operate things in a vacuum. We knew how to 
produce good vacuums quickly, which is important in the 


practical use of this sort of thing. 


Yes, they are all there. 


Q All right. : I. 


Now, I hand you, Doctor, Plaintiffs! Exhibit 9, 
\- 
which is a copy of the Steigerwald patent which has been 
| 


previously mentioned, and ask whether you becanie acquainted 
| 
iwith the teachings in that patent at my request? 


A Yes. | 

Q What did that teaching mean to you, Doctor? 

A This teaching means to me the same as in the Stohr 
patent. He has gone into greater detail in eeawincs and in 
description of what may be done, but it does ah go beyond 
the Stohr petent. 

Q Except in detail. 


A Except in detail. 


Q In both patents is there a focused! electron beam 


of high intensity directed toward a seam? 


A Right. 
Q Could you explain what the phenomena is that 
occurs when an electron beam of high intensity strikes a piece 


of metal? 
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A Yes, I think I would like to make a drawing, too; 
if I may, Your Honor. 
THE COURT: Very well. Thank you. 


THE WITNESS: Let us consider electrons coming 


4 aown -- if we are going to get a fine focal spot we have to 


come in at a large angle, but what this means:is the electrons 
are coming in at this angle to strike the surface here 
(indicating). Here is the abutment, where the two pieces are 
abutted together. There is no hole here, as I indicated. I 
should really draw this in one line representing an abutment 
between two pieces of metal, Parts A and B. This may be 

ten inches deep of iron, for example. 

Now, when the electrons strike here, these particles 
strike, they do several things. They produce X-rays. That 
was the part that wos useful in the scanning X-ray tube. They 
produced what we call excited statesin the atoms, They are 
Seattered, and the scattering is principally done by the 
héavy nuclei of the solid which they strike. And these 
scattered electrons are the primary thing about which we are 
concerned with here in this particular patent. Because of 
the scattered electrons -- which fall into several categories, 
land I will put down three: no loss of energy -- this is useful 


4n diffraction. There is a scattering with considerable loss, 


sé 
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so that the electrons that are produced have only a very tiny 


fraction, say, five electron volts energy compared to say, 


| 
aybe, you have 100 thousand electron volts coming in, And, 


third, in between these two. But in the first place, the 


ioecerets cannot penetrate any thickness of metal, and -- 
BY MR. BYRNE: | 
Q Would you repeat thategain? When the electrons 
strike the surface you said they cannot penetrate. 


A An electron cannot penetrate much thickness of 


etal. An example -- 
| 


°Q All right. One example. 


A Fifty kilovolts -- they go through about 4/1000 ts 


of an inch of aluminum, That is all. 


Q After that it is scattered? 


| 
| 
| 
| 
A No, it is stopped, completely stopped. As to one 


Intiiion volts, a quarter of an inch of copper. “That is as far 
BS they can £0. 

Q . Now, we know that a weld is developed between A 
bnd B. How is that weld accomplished? 


A Due to the fine focal spot here at ithe abutment 


bf the two. metals, and since something like ten kilowatts power 


‘ad involved in these beams, in a second you have certainly 
| roduced enough energy to -- is released right here on bombardin 
| 


| 
| | 2 a 


this surface, by these methods outlined above, particularly 
the scattered eee that it would vaporize the metal. But 
shen around the vapor there is a gaseous phase, and this 
continues to go down. As the vapor goes a hole is produced. 

THE COURT: I don't want to lose the continuity 
here. Are you addressing yourself now to Steigerwald or to 
Stohr? 

THE WITNESS: Stohr, because he is talking about 
welds. 

THE COURT: You started out with Steigerwald. 

BY MR. BYRNE: 


Q What’ happens when an electron beam hits pieces of 


metal abutted together? I don't care whose teaching it is. 


What happens when you put a concentrated beam at an abutment, 
what happens? Now, you got to the point where a hole starts 
to be drilled. | 
A You have a gaseous phase -- this would be at the 
start -- and this would be the liquid phase. 

; As this develops -- perhaps I should enlarge this 
la little bit here, much over what it really is -- but as this 
develops <-- let me make this hole just a little bit larger than 
4t really is in'proportion. I will make a larger hole. [I 


night say, if the beam were just left stationary it would 


Se 
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come out and cross over, like this, come out and make a larger 
entry down here, if. it were allowed to stand still. “But 

what happens in this case of moving the thing, once the hole 


is established this does not occur, Well, let me talk about 


the hole for a moment. This hole is produced ane to the 
evaporation of the metal, changing the solid from the vapor 
phase. Once that happens, of course, there is po metal for 
the electron to penetrate. It has only to Raetnacs the vapor 


| 
phase, which it can go through very easily, and| the hole begins 


to extend itself, and the electrons then begin to scatter back 


and forth in here, bouncing off the side and zig-zeecing back 
and. forth, end this continues until by edjusting the parameters 
as was mentioned in the Stohr patent, you could effect a molten: 
area over a very tiny, very small region, but across the entire 
surphase. | 
The area here, the size of this hole is the size 

lof a human hair; it is not very big -- maybe tro or three times 
hat at the most.-- but the hole -- and in thts hole is the 
apor of the metal entirely. And this metal Pome positive 

ons which stand still and tend to focus, keep the beam in 

he hole which also keeps it down in size. around the hole, 
Bue to the fact that these electrons are being scattered around 


hn the hole, is the liquid phase. This is the liquid, and in 
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here is the gas.: And you have the ideal situation hereby 
produced, the ideal situation for welding. 
Now, if A and B are moved this hole simply is 

recreated. The back part, which is molten, this is symetical 
about this axis +- the back part is molten closes in and 
fuses the metals together, metals A and B. 

Q This is like a round turbulent area, then, with 
a very tiny hair-like hole through which the beam goes through? 

A Right. : 


Q Now, that tiny tornado-type thing you are going 


to displace, and then how does the weld occur. You just 


mentioned -- 

A Yes. One reason, of course, it pulls together 
is the fact it has to do with the surface tension, like your 
water gathers up on a glass, the metal pulls itself together 
behind, and a new hole is continually created as A and B are 
moved relative to the beam, and as a result of that does not 
spread out, put the perimeter is such it maintains this small 

ole rather than spreading out. 

Q Now, do you A Nieeetone what I mean, Doctor, when 
I say -- I think it is the gamma ray of radio active material, 
penetrates a wall, or an X-ray can g€o through a piece of wood; 


n other words, ‘the ray goes right through the material? 
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Yes. 
Q When I say penetrate it, it kind of! goes right 
through and doesn't disturb the physical makeup of the item. 


A This is correct. 


THE COURT: As a matter of curiosity, if it goes 
through the material, where does it. go? Does it dissipate 
itself? In other words, it goes through the metal, g0es 
through the wood, goes through the fabric, whatever it happens 
to be, and then is it dissipated? 

MR. BYRNE: Are you talking about like an X-ray, 


Your Honor? 

TRE COURT: I am talking about the X-ray. You 
aroused a question in my mind as a matter of curiosity. What 
happens to the X-ray after it goes through the material? 

THE WITNESS: Some X-rays go through without change 
of energy. If they have no inter-action with the aaent there 
4s no change of energy. Others go through with a loss of 
energy, and this loss will depend on the density 

aterial and the atomic weight of the materiel. 

THE COURT: What happens to the X-ray after it 


roes through? | 


| THE WITNESS: It goes on, continues on and may be 
pissipated -- of course, if the material is thick enough the 
“rays don't go through. 
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| 
\ 
| 
| 
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THE COURT: This is just a matter of curiosity. 

I hae some elementary physics. You go to a dentist and he 
takes an X-ray of your teeth. 

THE WITNESS: Right. 

THE COURT: The X-ray goes through your mouth and 
through the substance of your gun, and all that sort of thing. 
What happens to the X-ray after it eee nsoare 

THE WITNESS: It goes right on through the body 
and is absorbed in the walls around, and I might say, in the 
early days many got burned by just staying in the room. 

THE COURT: That is precisely the reason why I 
asked the question. They lost their fingers. | 

THE WITNESS: Right, and sometimes they lost their 
lives, 

THE COURT: That's right. I icnow one that did. 

BY HR, BYRNE: 

Q Now, Doctor Moon, an electron that is focused and 
nits at this point, does it get to this point -- in other words 
penetrate that metal by going through a substance like an 
=e or how does it ever get down here, if ever? 


A It can only cet down through by making a hole; 


it never penetrates the material, as such. 


i} 

| 

| Q It boils off a hole and -- 
| : 

| 


A It changes the status of the material from a 


; | é 
solid to a liguid to a gas, and it is only going through a 
; | : 
Q Now, does this -- I might be repeating myself -- 
| 


gas. 


but does this phenomena occur in both Steigerwald or Stohr, or 
in-anybody who happens to Gavesurelassren beam of sufficient 
intensity on the seam of adjoining pieces of metal? 

A Right. This is the same phenomena. It is a 
physical phenomena. | 

Q In other words, if it penetrates in Steigerwald, 
even though that is not a good word, 1t would penetrate in 
Stohr? 

A. Right. | 

“THE COURT: Is the distinction between Stohr and 

Steigerwald, since they are both dealing with methods and 
means for welding using controlled beams, is ie distinction 


the depth of the penetration? Why are you putting in evidence 


Steigerwald? The Patent Office didn't do it. 


i 
-~ 


MR. BYRNE: That's right. Because, from the 


necoron it would appear that Stohr is the first inventor of 
this phenomena, or the first inventor. The reason we copied 
the Steigerwald claim and added new claims is we would like 
the Patent Office to go through their interference proceedings 


to determine who was the first tnventor of this subject matter, 
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Now, Steigerwald has a very exhaustive treatise 
on different parameters you can use in different metals, and 
the question of patentability of Steigerwald is not in issue 
here, owe say is there are certain broad concepts that 
istohr put out first, and was the first inventor of, and that 
is what Stohr deserves protection on. 

Now, perhaps on specific teachings as to twenty- 
four to one welds, or something like that, perhaps he is 
entitled to that. I am not going to comment on that -- 

THE COURT: Let me ask you this question as a 
natter of curiosity: you have two American patents here, and 
the claim is -- your claim basically in relation to Steigerwald 
is Stohr is first. 

MR. BYRNE: Yes. 

THE COURT: Why didn't you resolve that there in 
the Patent Office before you Ors to court? 

MR, BYRNE: Because, Your Honor, they say that 
we cannot meet the term "penetrate." 

THE COURT: I know, but you are coming to me and 
asking me to decide this controversy, which I will do in the 
jorainary course of events, but it seems to me you have an 


lunderlying controversy as to who was first in the field, whethe 


it was Steigerwald or whether it was Stohr. 


| 
| 
| 
| 
| 
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MR. BYRNE: That is precisely what wish done, 
Your Honor. The case be remanded to the Patent office to 
determine who was the first inventor of these claims, because 
put the Patent Office says that because we did not use the 
term "penetrate" in our patent, that we cannot Make" -- is 


the term they use -- we cannot define the invention of 
Steigerwald. Steigerwald does talk about penetration and, as 
a matter of fact, he talks about it incorrectly, as though the 
electron -- he misconceived what happened -- so did the 
Examiner misconceive what happened when a beam strikes a piece 
of metal. He called it "Penetrate." The Examiner says Stohr 
doesn't say anything about penetration and, maybe, -- I am 


| 
not accusing them -- to avoid this interference proceeding got 


Stohr to put in this interrupted beam type thing, and 


Steigerwald, if you will forgive a child term, picked up all 


the marbles, and Stohr was the original inventor of the certain 


basic concepts. . 
THE COURT: What about this? Why shouldn't this 
| = 


go back to the Patent office? 
MR. PARKER: Your Honor, I think in this case 

the record will show that Stohr got what he was entitled to, 

and that is what is in the Stohr patent here 5 the board. 


Now, the Patent Office's position, as I pointed 


. 


out in my opening remarks, was to the effect that Stohr had 
no idea of eee isceteermata did, but when he saw that 
Steigerwald.patent, then it became apparent he was going to 
jery to broaden his disclosure and say, "Look, I invented that, 
too." And then he wanted to encompass what Steigerwald had 
done. He copied the terms and claims of the Steigerwald patent 
into his application, and that is why the second two claims 
before the Court today are here, because the Patent Office 
maintains that he never disclosed in his original application 
a broad enough, or a specific enough disclosure to encompass 
what is in the Steigerwald patent. That is the whole crux of 
jwhat is here today. 

MR,’ BYRNE: And this is the point we are going to 
reach right now. 

_ MR,’ PARKER: He is not entitled to make these 

claims. 

THE COURT: How do you distinguish between 

teigerwald and Stohr? 

MR, BYRNE: I would say, if I had the term -- I 

lam not going to say it is patentably distinct, but I will 


= Steigerwald took what Stohr taught and added to it refine- 


nents and certain parameters of adjustments to get very deep 


eld by using these methods. But he did not teach Stohr -- at 
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| 
| 
| 


least we would like the Patent Office to at least have a 
hearing on this -- who did teach in the United States -- 
THE COURT: The only thing that bothers me is, 
we get in the middle of this thing, at the very tail end of 
the controversy that has its origin, of course, in the Patent 
Office, and get tied up with the problem as to who came first, 
and I don't think that is a problem for the Cones in the 
strict sence It ought to be in the Patent Office. 
MR. PARKER: May I say this: It 1s not a question 


of who came first before the Court; it is a question that 


Stohr didn't come at all. That is the issue before the Court. 
That is our position. 
THE COURT: All right. 
MR. BYRNE: I dispute that. 
THE COURT: We will go on. 


BY MR, BYRNE: 


Q Now, Doctor, I have reproduced one of the principal 


claims in issue, Claim 5, and put it up on the easel. Can 


you read that from where you are? 

A Right. 

Q Or perhaps I will read it, and you point out here 
here these different phenomena occur, on the enlarged replica 


of Figure 1 of the Stohr patent. 


The preamble: The method of welding adjoining 
metal in a vacuum which comprises:. 
Focusing an electron beam. 


A. Here (Indicating). 


Q Directing the beam onto the path where the metal 


adjoins. 
A Here (Indicating). 
Adjusting the accelerating voltage of said beam. 
That would be done over here and here. (Indicating 
_And it is mentioned in the specification -- 
The current would be adjusted here; the voltage 
( Indicating.) 
Q Adjusting the intensity of said beam. 
A Intensity, over here. (Indicating.) 
Q Producing a relative controlled displacement of - 
said beam and said metal to cause the beam to travel 
along the path where the metal adjoins. 


A This by rotation about this axis "X, X" over here 


Q All right. Is every limitation in that claim 
aught by the Stohr patent? | 

A Right. 

Q Is this same method found in the Steigerwald patent 


Right. 


Now, here is Claim 11, Doctor, one of the other 
: 


The method of welding two nateriais Hin a vacuum 
together along a seam which comprises: 
Focusing a beam of charged particles on the 
materials at the seam. | 

A Do you want me to show that -- 

Q Yes. 

A Focusing here. (Indicating) 

Q Regulating the beam intensity to penetrate the 
materials to heat the materials until the mocertais melt and fuse 
together. | 

A Here at this point. (Indicating) 

All right. 

And effecting relative motion between the beam 
and abutting eeces along the seam to rae a continuous 
weld. | 
A Right. By rotating here and adjusting the 

parameters as mentioned here and translating here. (Indicating 


Q Now, we stated earlier, Doctor, the term "penetrate 
| 


Hs not exactly a good word for what happens in the phenomena of 


| 
an electron beam striking a piece of metal. 
| 


A Right. | 


| 
| 
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Q But 4f that term is applied to what happens in the 
Steigerwald patent, is it applicable to the Stohr patent? 

A Right, it would be applicable in both cases. 

Q Can there be any difference on what happens, es you 
il know particle physics, Eaeearectcon beam strikes the metal? 

A Electrons are electrons the world over. 


Q The last cleim, Doctor, Claim 9: 


The method of welding. together materials in a 


vacuum along a seam between the materials by direct 


energy transfer to the materials and without reliance 

upon heat conduction through the material to melt the 

material to the desired weld depth. 
Is that phrase taught by the Stohr patent? 

A Right. When he speaks of welding, welding is 
to pring two surfaces together, and is to fuse the surfaces 
over the entire peeaces so if it happens to be a piece of 
metal this thick, or happens to be here (indicating), the 
welding process would mean dong this entire abutment. The 
metal is fused by means of the electron beam. 

Q In other words, by definition weld means a 
particular substance or depth? 

A Right. 

Q Setting the beam intensity to penetrate into 

the materials anc simultaneously to heat seid materials 


along the entire depth of the penetrating beam until 
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| 
the materials melt and fuse together. | 
A ‘Right. This is the mantel that is formed around 
this little hole, this traveling hole that travels around and 
rotates, there is a molten mantel around it, closes up the gap 
| 


in behind and finishes the weld, and when the beam is finally 


cut off it finally closes the hole itself. 


| 
Q Was that traveling cone, or -- | 
| 


A Mantel -- | 


Q -- mantel, obvious to one skilled in the art when 
. | 


viewing that Schneider patent? 


A Not in the Schneider patent, no. 


| 
| 

Q Having the Schneider patent -- would you not say 
that was unobvious to this? 3 

A Yes, very definitely -- 

Q This amazing type welding that has occurred in 
tohr here? | 

A Right. He is talking there of nachirineand drilling 

hen he is having motion. _ | 


Q You mean Schneider? 
; | 
A Yes. | 


MR, BYRNE: I believe that is all I have. 


CRCSS-EXAMINATION 

MR. PARKER: Before I get into this case, with 
Your Honor's permission, could I ask that the record show 
that all of the exhibits ere in 95-66, which is the later 
case, rather than 96-66, and could I ask if cat ohiaion 
defendants exhibits in 96 since they appear to be unnecessary 
at this stege of the game? 

THE COURT: Very well. 

MR, PARKER: I would like, with Your Honor's 
permission, to talk first about Claim 5. This claim as been 
rejected as being unpatentable over the Schneider reference. 
Today we call to the Court's attention a second ground of 
rejection, that is, this double broadening outside the two- 

ear period, and for that purpose I would like to turn to 
he witness, Doctor Moon, and pass up to him a copy of the 
Schneider reference which appears as Item 1-A in the defendant! 


xhibit 1, 


BY MR. PARKER: 


Q Now, Docr Moon, I will ask you, if you would, 


lease, read the first limitation in this claim. As I under- 
tand it, now, since I can see this a little better, I will 
ead it and see if you agree with it: 


The method of welding adjoining metal in a vacuum, 


TL 


Is that the first limitation? 
A Right. 


Q And I would ask you, if you please, would you 


look at Column 3, Line 47 of the Schneider patent. 


A Yes. 
Q In that does not Schneider use a vacuum for 
carrying out his process? | 
A melting process. 
Yes, carried out in a vacuum; is that correct? 

He doesn't say welding; he says melting. 


Does he say melting in a vacuum? 
Yes. : | 
Would you turn with me, if you please, to 

Column 1, the first two paragraphs of the specification. 


Does he tell us there that he is welding? 


| 
A In the first paragraph, first line, he mentions 


elding and soldering. | 
Q He mentions welding as his process? 
A Mentions it, right. 


Q Now, if you would read, if you please, the second 


imitation which comprises focusing an electron beam. That is 
he second limitation. I would respectfully ask if you would 


urn with me to Column 3, Line 38 of the Schneider patent. 
| 
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Does he tell us there that he can focus his 
electron beam? 

A He refers -- I would take it he is referring to 
the art -- he says "Since the beams of electrons can be 
exactly focussed --", 

Q Would you, by reading this, be able to focus. 
an electron beam -- 

A At the time of this patent certainly we knew how 
to focus electron beams. 

Q All right. 

We will move on, if you please, to the next 
ieee 
Directing the beam onto the path where the metals 
| are to be joined. 
And with that in mind I would ask you turn to 
Column 1, Line 56. 
A Yes. 
Q And if you will read that and see if this would 
_Iteach ‘you to direct this onto the surface where the parts 
are to be joined. Can be focused onto one spot there, can it 
hot? 3 


A Cen be focused, but it doesn't say anything about 


| 

| 

| 

oining, here. He is referring to. the drawings, and more 
| 

i] 


The 


particularly to 1 to 3. 


Would you look at Column 4, please, in Line 63? 
Yes. | 
Does this not teach you to focus the beam point 
where the materials are to be joined? | 
A Column 4, did yeu say? 
Q Column 4, Line 63, beginning there and reading 


that paragraph to yourself, if you please, and then tell me 


if this would teach you to focus this beam on the point where 
the materials are to be joined? : 

A He is talking here of putting a contact, which is 
more near what we would call soldering, and the term he uses 
is welding and soldering. | 

Q May I state my question again: = we joining 
two materials? | 

A We are joining two materials. 

Q Regardless of what they are, there are two material 
being joined? 

A Two materials are being joined, but - 

Q Is the electron beam being cocused) et the point 
of the joining of these two materials? 

A No. 


Q Read this again, please, sir. 


No -~- 

THE COURT: Am I reading the same thing: 

fhe contact means are attached to the crystal 
by heating the point of contact by a beam of electrons 
for a short time. 

THE WITNESS: ooo 


MR. PARKER: sir, That is what we have in 


THE WITNESS: Yes. The point of contact, since 
they did it here with very tiny things, the point of contact, 
if you ever worked with a transistor the contact has to be 
heated from the outside. You cantt get down in there. And 
Poneratry these transistors -- the transistor material he is 


__- talking here of, !semi-conductive material, which are not 


metals at all, but he is talking about a transistor which may 


Q Does he say transistor there? 5 


A At the end of the paragraph he talks about 


| BY MR. PARKER: 
| 
| 


rermanium and silicium. 
| Q When he says “point of contact," he means what? Po 
bf contact between what? 

A He means the semi-conductor -- between the semi- 


ronductor and the lead. 
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Q You have answered my guestion. can we move on, 

now, to the next limitation? — 
Adjusting the accelerating voltage of Said beam. 

Let's take a look at that, if you please, and for that I would 


call your attention -- 


MR. BYRNE: May I interrupt one minute? Are you 


eguivocating a path to a point? You kept saying point and 
acting as if that were -- 


Would you read that, Your Honor? That is "path," 
not "point." 

MR. PARKER: He has answered my question. if 
counsel wishes to ask a question, I would yield] to him, Your 


MR. BYRNE: I thought you were saying "point, " and 


| 

THE COURT: Let's repeat the question. 

MR, PARKER: My question to the witness was that 
we are focusing -- the claim calls for directing the beam on 
che path where the materials are to be ad joined, and I am saying 
ere that this section that I have just pointed out, and this 
S the question I asked the witness, does this Soares to him the 
dea of directing this on to a path where the materials are to 


@ joined. 
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ee Cee 
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THE COURT: In other words, where the so-called 
abutment lies. ‘ : 

MR. PARKER: That is renee That is what we have 
in mind, That is the answer to that peer it is 


satisfactory to counsel I will move on to my next question. 


MR, BYRNE: I don't know his answer. 


THE WITNESS: Your Honor, I would like to make it 


clear. 

THE COURT: You have been using the term "adjoins" 
and abutment," and I assume, also approximation, two parts 
are actually almost together but not coalesced. 

MR. PARKER: ‘That is correct. 

THE COURT: Separately and physically distinct 
before the application of the beam. That is the way I under- 
stand it, and I am supposed to have the ultimate understanding, 
and if I am in error I want to be corrected. In other words, 
I don't want to be looking at this thing, say, two weeks from 
now aod say, "What do they mean by the use of this term?" 

All right, you may answer. 

THRE WITNESS: Well, let's consider the surface 
tas an enlargment of a wafer of germanium or silicium, and on 
this we wish to place a contact. A wire comes down and it is 


flattened out on the end. Now, the electron beam would strike 
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it from this side. He is not talking about coming in here 
and putting 1t in between the material and the germanium or 
Silicium, where the two abut. He is striking it from above. 
That is all he has to do in order to make the contact. 

MR. PARKER: May I, Your Honor? | 

THE COURT: Yes. 

BY MR. PARKER: 

Q If I have my two hands here and I put them 
together, is not the point of contact the line between these 
two hands or, better still, if I have a sheet of paper and 
I put these two ends of the paper together, is there not a line 
of contact with these two abutting each other? 


A Right. 

Q And if we just had a little bit, wel could call it 
a point of contact, could we not? But there is some 
elationship where this comes into contact with thatsis there 
ot? 
A Right. : 


Q Is this not where he would like to direct his 


eam as you read the part of the specification that I pointed 
ut to you? 
| 


A As I interpret what is meant here, he is talking 
. | 


bout a contact on the surface, like this. He bes a surface 
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and he has a rather enlarged end of a connector that he wishes 
to fuse to this surface below, and he merely has to heat this 
thing from above. 

THE COURT: We are concerned with the meaning of 
the language in the claim, as I understand it, "Directing the 
beam onto the path where the metal adjoins." The critical 
language is "where the metal adjoins." You Say that is one 
thing, and you say it is another, 

MR. PARKER: Right, Well, I think we are both 
within the ambit of the claim, Your Honor. whether it is a 


point or a line, wherever the place is, that is where he wants 


| 
jt direct the beam. 


BY MR, PARKER: 
Q Can we move on, if you will, to the next one, with 
Your Honor's permission? 
‘ Adjusting the. accelerating voltage of said beam, 
Therefore, that limitation. 
Could I ask you to turn with me, if you please, 
to Column 2, Line 262 
A Yes, 
Of the Schneider reference, and see.if ie get that. 


I schneider tells us that this can be done, an adjustment can 


Ibe made, does he not? 


{ 


| 
A But he is talking here in the bombardment of the 


-- of the material for machining purposes. 


Q Would you be kind enough to read for the record 
what is: said in Line 25 and Line 26? 
| A "preferably means are provided for varying the 


4ntensity of the beams of electrons gradually or step 
by step.” | 
Q Is that not an adjustment -- 

That is an adjustment -- 

-- of the intensity of that beam? 


It is an adjustment of the beam current and beam 


voltage. 
Q Does that not affect the intensity of that beam? — 


A Yes, it does. 


| . 
Q Then moving on, if you will, to the last limitation 


in this claim: 


| 
Producing a relative controlled displacement of 


said beam and said metal to cause the beam to travel 
elong the path where the metal adjoins. | 
Now, does this not convey to you that either the 
beam can be moved or the material can be mereda 


A Which --? 


Q This limitation here. 


A Yes, the beam relative to. one or the other -- 


wd 


‘Either can be moved, or -~ 
Right. 

Q Is it not common in welding to move, even in the - 
electric arc welding or acetylene torch welding,to move either 
the torch along the work, or the work along the torch? 

A Right. 

To get it joined. 


Q 
A Right. 
Q 


Now, moving on to the second ground for rejection. 

That finishes on this claim so far as the art 
rejection of that claim is concerned. 

Moving on to the second ground of rejection in 
reference to Claim 5, I would like to ask you to take a look 
at the Stohr patent, and this is shown for us here on the 
jboard, identified as Plaintiffs! Exhibit 4, and I would like 
you to give me the date of that patent. What date is that 
‘patent -- 

A April 12, 1960. 
Q 1960. 

Now, we have in the case, have in the record 
ybefore us, the continuation of the reissue, and that reissue, 
iwhich is identified as Plaintiffs! Exhibit 3, I would like you 


Ito give me the date, if you please, thet that reissue was filed 
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.Can I pass this up, with Your Honorts permission? 
MR. BYRNE: Your Honor, I don't Know how 
knowledgeable Doctor Moon is on filing dates and Patent Office 
procedures. I will admit when that was filed. ‘It is in the 
record when it was filed. I don't care how it gets in-- TI 
411 admit that this case was filed complete July 10, 1964, 
93,800. 
BY MR. PARKER? 


Q Now, Doctor Moon, since you have expressed knowledge 


of this Stohr patent, I would like to go over ohe claim in that 
batent with you, if you please, and this claim ts Claim 1 of 
hat patent. 

I would like to point out to you thee this patent 
Hoes have the limitation 4n it of periodically interrupting 


said beam while producing a relative controlled displacement 


pf said interrupted beam. 
THE COURT: For the record, you are pointing to 


facsimile of the patent enlarged, Number 2932,720, second 
| 
olumn, Line what? | 


| 
MR. PARKER: Second column, with Lines 55 through 


O. Let the recordé show that, please, Your Honor. 
| 


BY MR. PARKER: 

| 

Now, I would call to your attention -- I am 
| 


bointing to the facsimile, continuation in party application 


that bears Serial No. 393,800, and more particularly to 
Claim 5 of that ‘application, and I would ask you, if you would, 
to read this to yourself, please, and tell us whether or not 
that limitesion eppears in that clain, that is, interrupting 
the beam? 

A Where is it you wish me to look? 

Q Just look at this claim and see if that same 
limitation appears -- 

A As far as this claim is concerned, or as far as. 
the teaching is concerned? 

Q As far as the race wordage of that claim is 
|concerned? 
| A Exact wording of the claim is concerned. It oe 
"tnterruption,”™ yes. This one does not. 
| Q Does not have any "interruption." 
| A That is right. 
| Q Is that a broadening of that claim by leaving 
that out? | 

MR, BYRNE: I object to that, Your Honor. He is 


] 
| 
|| 
jnot -- 
} 


THE COURT: Just a moment. First of all, I didn't 


get the question, What did you say -- 


| 
| 
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MR, PARKER: A broadening of the claim, ‘The fact 
that that is left out is my question, Your Honor,” 
E | 
THE COURT: You are asking him as an expert -- 


MR. PARKER: He is an expert. He testified he has 


knowledge of the patent on direct examination. 


THE COURT: You are asking him as an expert in 
the field whether reading that particular claim and comparing 
it with the other, you would come to the conelusion that this 
was a broadening of the other claim; is that right? 


MR. PARKER: Yes, sir. | 


THE COURT: You may answer, if you can, 


THE WITNESS: Of course, if I read/it as a physicis 


I read the nDote thing, and reading of the whole thing I would 
say that this disagrees with that. If I read just the last 
paragraph, which is the claim, of course, it says that there 
jis interruption. | 


BY MR. PARKER: 


You still haven't answered the question. 


MR. .BYRNE: May -- Hes, 


MR. PARKER: May I have the question read back 


lagain, please? 


THE COURT: Is it extremely critical? He answered 
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and the Court's interpolation of it, so why not leave it the 
way it is? ; 
MR, PARKER: If it meets the Court's approval. 
THE COURT: Unless the witness or Bounsez may desir 
to pursue the matter further. 
BYRNE; No. ~ 
‘PARKER: Let it stay there. . 
COURT: He said "interrupting" does not appear. 
PARKER:: Yes, sir. 
BY MR. PARKER: 
| Q I would like to move on, if you will, and with 
ltne Court's permission, now, to the other claims in the case. 
lz would like to turn, first, to Claim 9, and with reference to 
the facsimile of the continuation in part application that 
leppears in the record as Plaintiffs! Exhibit 3, bearing Serial 
umber 293,800, more specifically to Claim 9 of that case, I 
‘frowns like to point out one limitation in here, and this is 


peeinning here with the third limitation: 


| Setting the beam intensity to penetrate into 


the materials and simultaneously to heat said material 
along the entire depth of the penetrating beam. 
That limitation I have in mind. 


Yes. 


Q With that thought in mind relating to that 
limitation, I would like now to turn to the Stohr patent and 
ask you if there is anything in this Stohr patents and I 
am pointing now to the facsimile of that patent, which says 
anything at all about beam penetration? 

Yes, there is. 
Would you show me that? 
Yes. He speaks of welding. This is one of the 
key paragraphs right here. : 
ALI the: parameters which may influence. the 
welding operation --" 
THE COURT: What line? That is Column 1. 
THE WITNESS: 46, 47 and 48. The intensity of 


electronic current. 


- | 
And: then going on further, the electron 
| 
acceleration voltage, the focusing -- 
| 
MR. BYRNE: Would you repeat the line each time, 
? 


THE WITNESS: I'm sorry. 


THE COURT: 46. 


“qHE WITNESS: 48. Intensity of the electronic 
urrent, and the electron acceleration voltage, which is Line 
» the characteristics. of the lens or lenses for concentrating 
electrons -- letts see -- as far as that is concerned, that is 


p11 that is necessary. 
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BY MR. PARKER: 

Q Insofar as you interpret the Stohr patent -- the 
basis for that, and for that I mean the limitation that we 
have discussed here, would be found in this paragraph; is that 
correct? 

A This is the most exciting thing about the Stohr 
patent. He has come across a very fundamental idea. 

Q Is it still in that paragraph? 

A It is in that paragraph. 

Q You have answered that question. 

New, I would like to ask you another question. Is 
there anything in there that uses words “deep weld," in that 
paragraph? 


A I don't know what you mean by "deep weld." 


Q The words, "deep weld." Do you find those in there 


nywhere, inthat paragraph? 
A If I look up a Webster International Dictionary 
pefinition of weld, this means joining and fusing together on 
ne entire surface. If I may, I have a copy -- 


Q I would like to have you just answer the question. 


A A weld means along the entire abutting surface. 


How, if the abutment happens to be eight inches in depth, why 
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then the beam has to weld along that entire eight inches. if 


you just relied on the beam hitting, like in here, and 
creating a penetrating to the depth electrons would go, say 
four-thousandths of an inch or so, you wouldn't have a weld. 
The weld has to go through the entire abutting ‘surfaces. 

Q I ask again, please, 4f¢ I may, does the word 
"penetration" appear anywhere in that paragraph thet you just 
read? : 

A The word "penetration" per se, does not, but it is 
implied in "weld." | ; | 


Q It does not appear. 


Now, is there anything in there about the voltage? 
| A Yes. | 
| Q Where do you find that? Is there any numerical 
value there? | 
n Not about the voltage, but it says adjusting 


he parameters such that the accelerating voltage is here. 


Q If I understand you correctly, no matter what 
| 


A If your voltage is too high the electron bean 


| 
he voltage 4s you would get a deep weld? 
| 
h 


oes right on through; it doesn't make a good weld. 
Q What about if it is too low? | 
A It wouldn't make the weld. 


Will it heat the material? 


A It will heat the surface. 

Q Depending on how much voltage -- how much voltage 
do you have to put in to heat the surface? 

A It is a question of none Echos Gee Geese 

Q Give it to me in terms of energy and relate that 
to voltage, please. 

A Well, eheloncnes is a product of the current and 
voltage. In other words, in watts, this is the power, and 
then multiply that by the time, and you've got the energy. 

If we have one hundred thousand volts, : tenth of an ampere, 
that is ten kilowatts, multiply that by the time we had the 
beam -- if its average time in any one position is one second, 
say, then that is ten thousand kilowatt seconds. 

Q I still say if -- 

A Ten kilowatt seconds, pardon me. 

Q May 'I use the backboard just a moment, Your Honor. 

If I had two abutting pieces of metal, and I 
anted to weld those together by applying heat to the surfece, 
vould I not get ia weld that had a geometric ratio of one to one 
n the sense that the width of this weld would be equal to 


he depth of the weld? 


A If you are just heating the surface and allow 


or conduction, as you have drawn there, almost a circular, 


FO 


spherical pool -- 
Q Spherical pattern. 
A Spherical, yes. 
Q Suppose I chose to heat this with an acetylene 


orch by using electron beam welding, is there any critical 
oltage below which I would get a configuration! of this 
ature 2s Gist Coeursbece 4f you please, from a wed which had 


la very narrow configuration as that you pointed out? 


A Right. For cack metal you use there is a voltage 


land a current, or an energy, beam energy, for a given focal 


spot size. 


Q Letts use the same two metals. Is there any 


ritical voltage using an electron beam method that would give 
e this configuration or have one to one ratio of circular 
ype weld, as you pointed out, and I am now pointing to my 

Lllustration on the board which shows the electron type beam 

veld as distinguished from one which gives you a deep weld 
ompletely; is there any critical voltage? xf x use ten 

| 


‘nousand volts, which would I get? 


A There is no critical voltage. It is a guestion of 
| | 
| i 


bean. energy for a focal spot size. 


. Q If I use ten thousand volts, which | would I get? 
- | 


A If you use ten thousand volts, you; get aweld -- 
| 
| 


a 


narrow weld with ten thousand volts. 
All the way through? 
All the way through. 
Twenty thousand volts, what do I get? 
Again, it depends on the metal. 
Same metals, 


Same metals, and also the current and focal spot 


size -- are you going to keep the curent and focal spot size 


the same? 

Q The same, 

A If you keep them the same -- in your question are 
lyou asking if I get a pool in the first case, am I going to 
get a pool in the second case? 

Q That is what I am asking. 

If you get a pool in the first case you will get 
an equal pool in the second case. 

You say I am going to get the same thing, what is 
Klustrated here as a deep weld, no matter what the voltage is, 

No, no, no. 

The only thing I am varying, now, is the voltage. 

If you are going to keep your current constant and 
by OU keep the focal spot constant, then there is a votes at 
hich you get this narrow type weld. 


Q What would that voltage be? 


It varies, depending on the -- 


There is a difference, isntt there? 


' fhere is a difference dependine on the metals <-- 

MR, BYRNE: Your Honor, may I inguire into this 
line of questioning, because pene of the claims I have chosen 
are deep -~ have any ratio -- 
THE COURT: I thought we were addressing ourselves 
only to Claim 9 ar the language used there. 
MR, PARKER: We have deep weld penetration there, 


Your Honor. 
| 


& MR. You are equivocating "senetration"™ to 

"deep weld." | 
MR. PARKER: I am because it had been done on 

direct examination. 
THE COURT: Letts not get off on piconcenttes 


now, = 
matter,, that is not so critical, 


| 
Can I just bring out this point, 
| 
The thing I am trying to bring out here is there 
| 
4s nothing in the specification which says anything about 
| 
voltages, and I want to bring out the point that voltages are 


ritical. : 


THE COURT: You made the point -~ I think you made 
| 


Th 


the point -- the first question with reference to penetration, 
that does not appear. The question involving voltage, and 
you say that dces not appear. 

MR. PARKER: I beg your pardon, sir? 

THE COURT: Voltage does not appear. 

MR. PARKER: In the specification anywhere; that 
is right. 

THE COURT: Thatts right. That is the point you 
want to make. : 

All right. We will suspend for about ten minutes, 
and we will continue right on until we finish. 
| (Short recess.) 
, (Witness resumed the stand.) 
| MR.PARKER: I have just a few more questions, and 
pefore those questions could I ask the witness, Doctor Moon, 
sf he would be kind enough to turn to Item B in Defendant's 
BY MR. PARKER: 


Q As I understand, you were associated with him? 


| 
| 
| 
lexnibit 12 This item was written by Sclaky. 
| 
| 
| 
I 
| 


| A I have done consulting work for them, yes, from 


[time to time. 
| THE COURT: That is "Electron Beam Welding"? 
MR, PARKER: Yes, sir. 


| 
| 


| THE COURT: Sciaky Bulletin No. 344, April 1961. 


Gk 


MR. PARKER: Yes, sir. 


BY MR, PARKER: 
Q I am turning to the third page of Seiaky Bulletin, 


the first one with writing on 4t, and on the right hand side 


of that page we have several statements that I ould like to 
get your impressions on. The first of these appears in 
Column 2, that is, the right hand column and toe second full 
paragraph, I would ask you to read with me down to the 
period in that paragraph, please. 
A The first full paragraph? 
Q The second full paragraph. 
A "fhe original development by Doctor |Stonr utilized 


a work focused electron gun operated at twenty-five thousand 


volts. (A work focused gun is one in which the gun is the 
cathode, the work the anode, and the work piece and the gun 
combine to form the electrostatic lens.) Because the electron 
optics of such a system cannot focus an electron beam to very 
high specific energy, the weld exhibited a width-to-depth ratio 
of approximate unity." 
Q Stop at that point for just a minute. 

Is that an accurate statement, do you know, to 

that point, by ur. Sciaky? 


A . This is where I was called in. 
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Q Down to that point, is that an accurate statement? 

A. -This' is where I was called in. The technique of 
electron guns was already there by Pierce. I had developed 
a gun which I was using. They called me in. 

Q Is this an accurate statement of what Mr. Stohr 
had contributed to the art, Doctor Moon? Doctor Stohr. 

A Well, as far as Stohr's patent is concerned, he says 
nothing about the eres of gun aor have got to use, except it must 
be focused. , 

Q Can we go on just a little further, the next sentence. 
|Begin with "Subsequent." 
| A "Subsequently, the electron microscope was adapted 
itor welding. Operating at about 100 KV. it produced a very 
[nigh specific beam energy and demonstrated the possibility of 


narrow, deep welds and reduced distortion," 


| 
| 
| 
i 
i 


Q Is there a difference in the type of weld that was 


received as a result of using a gun that operated at 100OKV as 


distinguished from one that operated at 25 thousand volts? 


| 
| 


A There is one variable that is lacking here, and 
that 4s the focal spot. At higher voltages you get a ameter 
Irocal spot, and this brings about a better weld. But if sou 
lsaid -- 4f the focal spot is of the same diameter in both — 
jcases, then checeawonra be no difference. You could effect 


b weld at’a lower voltage as good as that at a higher voltage b 
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merely keeping the beam energy constant, that is, inereasing 


the beam current at the lower voltage. 


Q From what was said here, though, using Stohr's 


method, 25,000 volts, you have a width to depth ratio of one 
to one, do you not, from what is said here? | 

A Yes, That is because of a broad spot. 

Q And when you went up to one ecaned thousand volts 


you did get a deeper type weld, did you not? 


A That is like the gun shown here in Figure 2, which 
4s just illustrated pictorially; this is one type of gun which 


4s similar to the one used -- well, no it isn't like Lorenz, 


because it is hot cathode, but it was a work~focused gun. 
Q It would like you to read one other! paragraph aloud 


for us, please, and give us your impression on! the last 
paragraph in that column that carries over onto the next page. 
| 
Would you read that for us, please? 


It is kind of blurry here, but I will do my best. 


ta series of experiments with this) equipment 


has revealed that there is a threshold level of specific 

beam energy below which the normal law of heat transfer 
. | 

are ful¥illed, and the weld is at least as wide as it is 


deep. Above this threshold value, energy is imparted 


to the work at a substantially higher rate than it can be 
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conducted away from the electron beam impact zone, 

thus, narrow, deep weld result, that is to say, welds 

up to 20 to 1 depth to width ratio." 

Q. Now, I will ask one finalquestion: insofar as 
the Stohr patent discbsure is concerned, and I would Like to 
turn the blackboard back around, and I will identify that with 
Your Honor's permission, that is Plaintiffst Exhibit 1 that 
shows the Stohr patent 2,932,720, was there anything in there 
that you recall that related to a threshold level? 

A The threshold level as far as -- as a matter of fact, 
we should have the board around the other way. You show 

hat happens below the threshold level. 


Q I am talking about this patent. Look at that 


| 
| 
| 
| 
patent and see if there is anything in there that relates or 
nent ions the word threshold level? 


i 
| A Yes, right here, All the parameters -- 


THE COURT: What column and what line? 

THE WITNESS: Column 1, Line 46, 47, 48, 49 and 50. 

"All the parameters which may influence the welding 
operation are made adjustable at will, to wit, in 
particular the intensity of the electronic current, the 
electron accelerating voltage, the characteristics of 


the lens or lenses, for concentrating electrons, the 


residual pressure and the nature of the bas present 

MR. PARKER: That is all that I care for, Your 

Honor. Thank awh 
THE COURT: That is all. Mr. Byrne? 

REDIRECT EXAMINATION 


BY MR. BYRNE: 


What is the date of that bulletin, Doctor? 


Sciaky -- 
THE COURT : 1961. 
THE WITNESS; 1961. Almost four years after the 
mnvention, and that is -- ity 


BY MR. BYRNE: 


Would you classify it as an advertising puffing 
| 
It appears to be one of that Kind, yes. 
Q Now, we have spent a lot of time on the word 
'penetrating." : | . ~ 
I would like to repeat once more: at there is a 
penetration in Stohr, is there a penetration in Steigerwald, 
and vice versa? 
A Yes, 
MR. BYRNE: That is all, Doctor. 
THE COURT: That is all. Thank you. 


MR, BY RNE: I would like to make a brief summary. 


ee 


THE COURT: I don't usually hear argument in 
these matters. z 

MR. PARKER: May I put one thing in the record that 
might be of help to the Court? I would like to call to the 
Court's attention one case relating to the double broadening 
situstton, and that is the case of Lamaur, L-a-m-a-u-r, Inc., 
versus Demert, D-e-m-e-r-t, et al, and that will be found, 

Your Honor in 148 USPQ at 59, particularly interested in headno 
15 in that case. i 

THE COURT: Interested in what? 

MR, PARKER: Headnote 15. 

THE COURT: Tell me what it is. 

MR. PARKER: This is the one that held that a -- he 
patent claim to be invalid where you had a double broadening 
of the claim outside the two-year period. 

MR. BYRNE: Your Honor, the Patent Office did not 
ake a point of this in the four or five years it was before 
them, and I realizedthis double broadening aspect was going to 
e brought up at four otclock last evening, but we will brief 


hat point. 


The only summary I would like to make is that we 
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Steigerwald was the inventor of that. We were the inventor of 
| 


developing a weld with dispacement bombardment,) and that is wha 
we want. We have a broad disclosure, but we made a broad 
tnvention. Steigerwald perhaps had made a more| detaiied 
disclosure because he made a more specific invention. 
I rest my case, Your Honor. 
THE COURT: Thank you, gentlemen. 
(Thereupon, at 3:10 p.m., the above proceedings were 


concluded.) 
| 
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FINDINGS OF FACT 


1. This isa consolidated civil action brought under 
the provisions of 35 U.S.C. 145 in which the plaintiffs seek 
a judgment from this Court authorizing the defendant, 
Commissioner of Patents, to grant Reissue Letters Patent 
including claims 2 through 12, inclusive, of Reissue Application 


Serial No. 398,800 filed July 10, 1964, by plaintiff, Stohr, 


entitled "Metal Welding Methoa" for reissue of Patent No. 


2,932,720 granted April 12, 1960. Reissue Application No. 
393,800 is a continuation of Reissue Application No. 186,617, 
filed August 15, 1962. The Commissariate A L'Energie Atomique 
State Administration is the record assignee of said reissue 


applications. 


2. t was agreed by counsel on both sides that the 
controversy may be resolved by consideration of claims 5, 9, 


and 1l of Reissue Application Serial No. 393,800. 


3. Plaintiffs' Reissue Application Serial No. 186,617 


and their continuation Reissue Application Serial 


No. 


393,800 relate to improvements in prior art welding methods. 


As claimed, the method includes the steps of directing a 


focused electron beam onto a path where two pieces of metal 


placed in a vacuum adjoin, adjusting the acce 


of the beam, and producing a relative, controlled 


of the beam and the metals. 


claims 6 through 9 and ll, 


penetrate int 


entire depth of the penetrating beam. 


4, The prior art relied upon by the defenda 


o the material and fuse the material 


(a) the patent to Schneider, 
No. 2,778,926 (Defendant's Exhibit 
1, Paper A) which relates to @ 
method of welding and soldering 
adjacent portions of two bodies by 
electron bombardment. In the | 
Schneider process, a beam of 
electrons of variable intensity 
(col. 2, lines 25 and 26) is 
focused on the point of weld 
(col. 3, lines 37-39 and 48) to 
heat the same until fusion occurs 


(b) the "Electron Bean 
Welding" publication (Defendant's 
Exhibit 1, Paper B) which was 
cited to show the state of the 
art. It discusses electron beam 
welding in general and the 
aevelopments of the plaintiff, 
Dr. Stohr, specifically. 
According to the publication, 
the Stohr apparatus operated at 
25,000 volts and had limited 
focusing capabilities. The 
weld produced by the Stohr 
apparatus had a typical depth to 
wiath ratio of unity which is 
characteristic of welds that rely 
on heat conduction to produce 
fusion Gepth. The article 
indicates that below 30Kv deep 
welding could not be accomplished 
until a gun having the requisite 


| 
lerating voltage 


| 
‘displacement 
| 


In certain of the claims i.e. 


the beam intensity is set to 


lover the 


nt consists 


-high power beam density was 
developed by Sciaky. The 
article points out that there 

is a threshold level of specific 
beam energy below which the normal 
laws of heat transfer are 
fulfilled and the weid is at 
least as wide as it is deep. 
Above this level, narrow deep 
welds, i.e., welding with a 
depth to width ratio up to 20 

to 1, are said to be obtained. 


5. A welding process based on beam penetration is 
fundamentally different from an electron beam surface heating 


welding process. 


6. Claims 2, 4, 5, 6, 11, and 12 of application 
Serial No. 186,617, for reissue of Patent No. 2,932,720, 
of which claim ll is representative and claims 6, 7, 8, and 9 
of application Serial No. 393,800, a continuation application 
thereof, which claims are similar thereto, include a limi- 
tation which requires the "beam to penetrate the materials". 
fhe original Stohr application teaches nothing zbout penetration 
beam welding. Therefore, the aforesaid claims are not 


supported by the criginal Stohr application disclosure. 


7. Claims 2, 4, 5 and 6 of application Serial 
No. 186,617 for yeissue of Patent No. 2,932,720 and claims 
6, 7, 8 and 9 of continuation Reissue Application Serial 
No. 393,800, all require the welding to be accomplished 
without relying on heat conduction. These claims do not 


find support in the original Stohr application disclosure. 


8. Claims 2 through 5, inclusive, and 10 through 


12, inclusive, of continuation Reissue Application Serial 


No. 393,800, of which claims 5 and 11 are representative, 


have been broadened by the omission of the Limitation, 
“interrupting said beam while producing a relative controlled 
aisplacenent", found in the single claim of the: stohr 
. Patent No. 2,932,720. The aforesaid claims were not 
applied for until more than two years from the date of «= 
grant of the Stohr Patent No. 2,932,720. 
| 
9. The differences between the subject matter of 
claim 13 of plaintiffs' Reissue Application Serial No. 186,617 
i.e., focusing a beam on the material at the ‘seam along 
an axis substantially in the plane of the seam, and claims 
‘2 through 5 and 10 through 12 ; inclusive, of plaintiffs" 
continuation Reissue ‘Application Serial No. 393,800 i.e., 
controlling relative displacement of the beam and the metal, 
on one hand, and the Schneider Patent disclosure, on the other, 
axe such that the subject matter as a whole would have been 


“ “ | 
obvious at the time the claimed subject matter was devised 
* ‘ i 


to a person having ordinary skill in the welding art. 


CONCLUSIONS OF LAW 


1. Claim 13 of Reissue Application 186 ,617 and 
claims 2 through 5 and 10 through 12, inclusive, of 
continuation Reissue Application Serial No. 393,800, are 
unpatentable over the patent to Schneider under the provisions 
of 35 U.S.C. 103. | 

| | 

2. Claims 2 through 5, inclusive, and 10 through 12, 

inclusive, of continuation Reissue Application 393,800 


are barred to plaintiffs under the: provisions of 35 USC 251. 
| 


3. Plaintiffs are not entitled to a reissue patent 
containing any of claims 2, 4, 5, 6, ll, 12, and 13 of 


Reissue Application Serial No. 186,617. 


‘a. Plaintiffs are not entitled to a reissue patent 
containing any of claims 2 through 12, inclusive, of 


continuation Reissue Application Serial No. 393,800. 


5. The Complaints should be dismissed. 


UNITED STATES DISTRICT COURT 


FOR THE DISTRICT OF COLUMBIA 


JACQUES ANDRE STOHR, and | 
COMMISSARIATE A. L'ENERGIE 
ATOMIQUE, STATE ADMINISTRATION, 
Plaintiffs, 
: ACTIONS 
Vv. 

; : 95-66 
EDWARD J. BRENNER, 

Commissioner of Patents 


es 08 6¢ 08 ee 86 08 G8 08 08 0 08 


Defendant. 


JUDGMENT 


This action came on to be hearc at this texm and 
thereupon consideration thereof, it is this day 


of , 1968 


| 
ADJUDGED, that the Complaints be and they are hereby 
| 


dismissed, with costs against the plaintiffs. 


May 29, 1968 


I hereby certify that two copies of the foregoing 
PROPOSED FINDINGS OF FACT, CONCLUSIONS OF LAW, and JUDGMENT 
were mailed by first class mail to Mr. John J. Byrne, Esq., 
815 Connecticut Ave., N.W., Washington, D.C. 20007, attorney 


for plaintiffs this 29th day of May 1968, 


xe MS, oe as 


Solicitor 


| 
UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 


en ee ee ee 


Seareache! 
de toate 


JACQUES ANDRE STOHR, and 


COMMISSARIATE a L'ENERGLE ATOMIQUE, 
STATE ADMINISTRATION, 


Plaintiffs, 


Vv. ; ‘Civil Actions Nos. 

95-66 and 96-66 
EDWARD J. BRENNER, | . 
Commissioner of Patents, 


Defendant. 


Memorandum 
| 


This is a trial de novo under the provisions of Title 
35, U.S.Code, Sec.145, arising from a rejection by the Patent 


Office of certain claims relating to an alleged invention © 


asserted by the plaintiffs to aad to the welding art a methodic 
technique hitherto neither achieved nor conceived, namely, the 
use of an electronic beam to form a continuous weld at a joining 
seam between metal pieces, by bombarding the seam of contact 
with a focused electron beam and causing 3 xelative displacement 
of the beam as it relates to the seam. 
It was agreed by counsel on both sides 
controversy may be resolved by eonetaeracion of Claims No. 5, 
No. 9, and No. 11 of Reissue pEplicatson Serial No. 393,800 
filed July 10, 1964, entitled "Metal Welding Methods," for 
reissue of Patent No. 2,932,720 granted to Stohr on April 12, 
‘ 


“1960. 


fhe issues thus raised were basically two in number: 
(1) Does Claim 5 set forth a method which would have been 


obvious in view of the teachings of the prior art to those 
| = 


having ordinary skill in the art, as required by 35 usc 103; 


ro9 


(2) are the methods of Claims 9 and 11 supported by the Stohr 
description as originally filed in accordance with the require- 
ments of 35 usc 112; 

and a so-called corollary issue raised by the defendant to the 
effect that Claims 5 and 1l are also unpatentable under the 
provisions of 35 USC 251 because they are osesee than the single 
claim of the original patent, and broader than the claims 
originally presented in Reissue Application No. 186, 617. 

Addressing itself to this latter issue first, the Court 
concludes that they are broader, and it so holds. See generally, 
Miller v. The Brass! Company, 104 U.S.350, 355,356 (1881). 

Claim No. 9 was barred as not supported by an adequate 
@isclosure in the original Stohr application to support the 
claims as drawn, there being no evidence before the Court to 

i/ 
warrant a contrary conclusion. 
Claims No. 5 and No. 11, of which No. 5 is represen ative 


were refcted over Schneider. In this rejection the Court concurs 


there being no evidence to the contrary of a clear and convincing 


2 
Cnecaetees In addition, the cross-examination of the plaintiffs‘ 


expert and only witness points up this conclusion. (Tr. pp.52 

to 78]. Also, Schneider plainly teaches a method of welding 

two pieces of metal in a vacuuum, focusing the electron beam on 
“the path where the metal joins and adjusting the accelerating 
voltage and intensity of the beam and moving the material 
relative to the electronic beam. These claims were also unpatent- 
able under the provisions of 35 USC 251. 


1/ Graham v. John Deere Co., 383 US 1 (1966). See also generally, 
Deep Welding,Inc. v. Sciaky Bros.Inc., 155 USPQ 561, and with par- 
ticular reference to the Stohr Patent 2,932,720,finding No.70, pp. 
571, 572. This case was decided by the U.S.Dist.Ct.,No.Dist. of 
I1l.,Eastern Div., Sept. 28, 1967 and was presumably also not 
appealed although that fact would have no direct bearing on the 
conclusion reached herein. 

2/0 as th upreme Court has said, "thorough conviction."Morgan 
A Daniels; {53 US 120, 125 (1994) cited by th the U.S.C.A. jn National 


Distillers & Chem.Corp. v. Brenner D.C. 
Footnote 1,p.3,0 Opinion No.20932, Sey ae Pet ee December 14, 1967. 


Judgment for defendant. Complaint dismissed. Counsel 


will prepare tentative findings of fact and conclusions of law. 
| 


Order accordingly. | 


Matthew F. McGuire, United States 
District Judge 
| 


May 15, 1968 


IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 


JACQUES ANDRE STOHR, c 
COMIMISSARIAT A L'ENERGIE 
ATOMIQUE, STATE ADMINISTRATION, 


Plaintiffs, 
95-66 


EDWARD J. BRENNE E 
Commissioner of Patents, 


) 
) 
) 
) 
) 
Ve ) CIVIL ACTION NO. 
) 
) 
) 
) 
} 


Defendant. 


NOTICE OF APPEAL 
NOTICE is hereby given that Jacques Andre Stohr and 
Commissariat A L’Energie Atomlque, State Administration, Plaintiffs above 
' named, hereby appsal to the United States Court of Appeals for the District 


of Columbia from the Jucg ment and entire order of the United States District 


Court for the District of Columbia entered on the 3rd day of June, 1963. 


= 


be - : 
Jone J. Byrne . 


/ / Boker & Mekenzie 
615 Connecticut Avenue, N. W. 
fais Site D.C. 20005 
I hereby certify that two copies of the foregoing NOTICE OF 


alled today to Joseph Schiamel, United States Patent Office, 


Attorney for Defendant, Washington, D. C. 20231. 


} fh os 
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- IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 
JACQUES ANDRE STOER, 
COMMISSARIAT A L'ENERGIS 
ATOMIQUE, STATE ADMINISTRATION, 


Plaintiffs, 


| 
‘Ve CIVIL ACTION NOL 
* 5 om $6 oe 
EDWARD J. BRENNER 


Commissioner cf Patents, 


) 
) 
} 
) 
) 
) 
) 
) 
) 
) 
) 
) 


Defendant. 


| 
| 
| 
| 
NOTICE OF APPEAL : 


NOTICE is hereby given that Jacaues Andre Stohr and 


Commissoriat A L'Energie Atomique, State Administration, Plainiifis above 
, | 


named, hereby appeal to the United States Court of Appeals for the District 
- | 
of Columbiz from the Judgment and entire order of the United States District 


Court for the Bistrict of Columbla entered on the 3rd day of June, 1968. 


“ o y 
, \ 
\ af « + ™ 
eet faa bun =% ~4 
1 
' 


John J. Byrne / 

/ /Baker & Mckenzie / | 
815 Connecticut Avenue, N.W. 
Washington, D. ©. 29005 


.s 


| 
I hereby certlfy that two copies of the fcregoing NOTICE OF 
APPEAL were mailed today to Joseph Schimmel, United States Patent Office, 


: : ~ | 
ttoraey for Defendant, Washington, D.C. 20231. 


ttorney 


IN THE UNITED STATES COURT OF APPEALS 
- FOR THE DISTRICT OF COLUMBIA CIRCUIT 


JACQUES ANDRE STOHR and 
COMMISSARIAT A L'ENERGIE 
ATOMIQUS, STATE ADMINISTRATION, 
Appellent, 
No. 22253-% 


EDWARD J. BRENNER 


Cocmninstoneriok patents: United States Court of Appeals 


far the District sf Columbia Circuit 


) 
) 
) 
) 
Ve = Appeal No. 2225738 
) 
) 
) 
) 
) 


A Ilse. 
TELS FREE sep 196e 


MOTION ae CONSOLIDATE Y Lo, Ofrealaens 
Motion is hereby made thot the above-entitled action be 
consolidated, as wes horetofore effectuated by the Court of first instence, 
the Unite States District Court for the District of Columbia, on the ground 
that they Involve common questions of law and fact and that consolidation 


will thus avoid expense and delay. 


VF 
SS eo aa : tftc 

OHN J. EYRNE, Attorney for Appsliants 
/ BAKER & McKE? SZIE~ 


815 Connecticut Avenue, N. W. 
Washington, D. C. 20005 


I hereby signify my approval of the above Motion to Consolidate. 


wort: si 9 1965 
JOSEPH SCHIMMEL, Attorney for Appellee 
United States Patent Office 
Washington, D. C. 20231 
1% 


IN THE UNITED STATES COURT OF APPEALS 
FOR THE DISTRICT OF COLUMBIA cE RCUIT 


es United States Court of Appess 
JACQUES ANDRE STOER and for the District of Columbia cirsx:t 
COMMISSARIAT A L'ENERGIC 


; os STATE ADMINISTRATION, 


aa ‘NOV2 6 1968 
“Appellants, - Worle. Ore : 
Appeal Azo 22257 
Appeal No. 22258 


Ve 


EDWARD J. BRENNER 
Cormmisslonor of Patents, 


". Appellee. 
- MOTION FOR LEAVE TO ELECT TO 
' DEFER PREPARATION nat PILING 
i OF APPEND 
: Now comes the appe Hants re questing leave of the Court to as 

” file 3 Notice of Election to defer filing of the appendix in the above~ 
identified appeals. inden Rule 30(c). Tea eaas 
. The unders signe = is of the opinion that ¢ 8 Joint appendix 
filed after the brie fs ot both parties have be en filed will better eld the 


court and the Cee onenened {fn oe the issues at hon’. The Notice 


of Election is ettached hereto. x eae es 


hae 
The Brief is due and will be filed on December 2, 1968. 


BOLTON sg a eae, ; ohn J. Bymo, 7k or éy for Appellants 


4 : Beker & Mexénzle 
fa Le 3 Aan 815 Connecticut Avenue, N.W. 
CES eee D.C. 20005 


cEpEEStS Cloris .—--~ 


CERTIFICATE OP SERVICE 


I hereby certify that 3 copy of the foregoing MOTION FOR 
LEAVE TO ELECT TO DEFER PREPARATION AND FILING OF APPENDIX was 
mailed today to Joseph Schimmel, Esq. United States Patent Office, 


| 
Commerce Building, Washington, D. C. 20231. 


ey for Appellants 


Dated: November 26, 1968 


Electron Beam Welding 


w 
4 
po 
9 
uw 


shows Sciaky’s advatg 


age power supply ist 


Sciaky® has combined an extensive welding background with 


their well-known development facilities to produce— 


The most advanced ELECTRON BEAM 


WELDING ™. 


‘equipment available...fully capable of both. basic 


research and practical production applications. 


WHAT IT 1S 


Sciaky Electron Beam Welding is a new fusion weld- 
ing process with great promise throughout industry. 
generally, but in the nuclear’and aerospace industries 
specifically. 

Electron beam welding is a fusion welding process 
in that. the mechanism of welding is to join two or 
mote pieces of metal by local melting. which results 
in coalescence. Filler metal and base metal, or -base 

~metal.only may be melted-together to produce a joint. 


Phe heat requied-for-werdintmis produced by the 
bembardment of the work bya dense beam.of high 
* velocity electrons. That is, the electron ‘beam is ‘di- 

rected upon the urea to be fused, and the electrons 
upon striking the surface of the metal give up their 
“kinetic energy almost completely.in the form of heat 
_ energy. y : " 


“WHAT IT'S USED FOR 


- Since «vacuums in the order‘af I x 10-* mm: Hg is 


tieeded to produce « stable electron beam, the welded i 
~ joints are extremely pure and: singularly free of‘ab- 
+ sorbed gases. As a result, electron beam welding. is 


uniquely suited for welding the: refractory: ‘metals 
(tungsten, molybdenum, columbium, tantalum, etc.) 


“> the highly oxidizable metals (titanium, berylliumh, zir- 


conium, uranium) ctc.) and the vacuum melted alloys 
(M-252, Rene 41, Udimet 500, hastelloys, etc.) How- 
ever, any weldable 

mics, can be fused: by means.of this process.) 


metal or alloy; and possibly: some 


ELECTRON BSEAM' WELDING 
DEVELOPMENT : 


Dr. J. A. Stohr, Chief of Technical Services, ELA, i 
(Atomics Energy: Commission in, France) made the = 
first public disclosure of this welding process at the 
Technical Symposium on Fuel Elements held: in Paris 
on November 23, 1957. Since that’ time’ several ¢lec- 
tron beam welding machines ‘have been put. into serv- 
ice‘in. France and ia the United States primarily for 


- the, production of fuel elements for:muclear Teactors. 


‘Fhe original: development by. Dr. Stohr utilized a 
work focused: clectrén: gun operated at 25,000. vailts. 
(A work focused gun is one in which the gun is the 
cathode; the work the anode, and the work: piece and 
the Zun combine to form. the-electrostatic Jens.) “‘Be- | 
cause the electron optics of such’ a_ system cinnot. 
focus an‘electron beam’ to very high specific enerzy. 


the weld exhibited a width-to-depth. ratio of approxi- 


mate. unity. Subsequently... the electrom microscope 
was adapted for welding. Operating at'about 100 KV, 


Qo 


—— . 


. FIGURE 2 


as it is deep. Above this threshold value. energy is 


imparted to the work’ ata‘ substantially higher rate 
than it can be conducted away from’ the electron 
beam impact zone, thus, narrow, deep welds result, 


i.c., welds up to 20'to 1 depth to width ratio. 


Earlier equipment concept involved a fixed electron 
gun outside of the welding chamber. Its: limitations 
soon became apparent, i.c., the necessity of. moving 
the work piece with precision, and the inherent limi- 
tations imposed upon the geometry of work that can 


beawelded.. . . separate 


gun chamber: etc. | 
ol 


VACUUM Pup Syptery for: 


This problem prompte da most significant Sciak 
design Saree the gun within the weld. 
ing chamber. Not only can it now weld in the con 
ventional, upright position, from underneath, Or at 
right and! oblique angles, but both gan and fixture 
can’ travel—while claire! This. concept: tikes’ full 
advantage of the chambers internal dimensions, 


GENERAL DESCRIPTION OF: 
TYPICAL SCIAKY ELECTRON 
BEAM WELDING FACILIFY 


< | 
ELEMENTS— 
A vacuum chamber | 


A vacuum pumping system 


: y Cen 
__ —haaletizon gar-of aivanced design 


A special mechanism for rerrotely manipulating 
electron gun without bosking the vacuum 


A work table Providing powered translational, mo 


A’ work holding chuck providing powered roti 
motion i 


A high voltage power supply 


An electricat control e s 


sgaiee Agate: sa Contains “idk ¢lectrom gun} 
and the..werk tale. Tht vacuum: chamber bas/thi 


Viewing ports—one in the. cente: 


. of the chamber. pe 


The. motor driven ia Se for contialiaga h 
vertical and rotational position of the electrons gun’: 
mounted on top \of bel vacuum. chamber, ‘and .:t 
driving:mechanism for ti tanslation of the: w 
rotation of the: work: holding chuck.is1 


e 


result, the. Sciaky gun-is optimized at current 
of 250, 150, 100 and 50 at 30,000. volts 
power is.continuously ; wach 


The glectron gun is beacket-mounted on the lower 


“cend of a shaft which also contains the bigh voltage 
Jeads. By means of this shaft and the mechanism pro- 


vided, the electron gun can be rotated in a horizontal. 


«| plane and raised and lowered to an appropriate dis~ 
“tance from the work. Positioning of the-clectron gun 
ns can be done without opening the chamber. and while 
© the chamber is evacuated. 


The T-slotted work table in the chamber mounts'on 
4 pair of rigid guide rails with special. ball-bearing 


‘wheels: Translational motion is imparted from a ver- 
: "tical shaft to the work table by means of a rack and 
= pinion. The T-slotted table can be. replaced 
“e.).wwotk-holding chuck. 


by the 


4 MeURE—Photomicrograph of circum: 
ferential electron. beam weld made in 
beryllium: (tube end cap closure). Total 
thickness. of picce parts is .055". . 


at Boar Jevel by leads enclosed: in, protective metal 
sheathing. except for the high-voltage Jead,-which is 
run overhead in'a special high-voltage cable. : 

This typical Electron Beam. Welding) Facility’ -- 
requires, the following, service: Ss aac prin 2 Bes 

Electrical—440 volt, 3-phase, 30 ampere 

Ale —Supply: 80 psi, %~ line 

¢ mps: 2° tine 
‘Water’ —Supply: 35 psi. %“line 
j —Drain: atmosphere, 1%" line - 


SAFETY. 


Great care has been exercised to prov ide adequate 
safety provisions to protect the operatiny and main: 
tenance personnel, and the equipment’ ax well. Fur- 
thermore. this equipment presents. no hazard “with 
regard to X-ray emission. The maximum potential pro- 
vided: by design’ is: 30,000 volts: At this accelerating 
potential, X-rays are of relatively, long-wave Jength 
and Yow intensity, and are: known as “soft” X-rays. 


Sciaky has carefully designed the chamber. doors, 
and ports so that primary or secondary X-rays. will not 
escape. Specifically, these direct. or, scattéred “X-rays 
are cither trapped or absorbed: by -the mare: than 


result, the Sciaky gun-is optimized at current 
of 250, 150, 100 and SO at 30,000 volts 
Output: power is.continuously within cach 
range. 


The electron gun is bracket-mounted on the lower ’ 
end of a shaft which also contains the high voltage =>” 4 MeURE—Photomicrograph of circum- 
Jeads. By means of this shaft and the mechanism prow ©” ferential electron beam weld made in 
<ided. the electron gun can be rotated ‘in a horizontal: beryllium: (tube end cup closure). Total 
plane and raised and lowered to an iate dis~ thickness. of piece parts-is .055". : 
tance from the work. Positioning of the-clectron gua Ske : . 
‘ean be done without opening the chamber. and while pee 
the chamber is evacuated. oat at Boor Jevel by leads enclosed: in. protective: metal 
sheathing, except for the high-voltage Jead,-which is 
S| The T-slotted work table in the chamber mounts'on run overhead in'a special high-voltage cable. . 
ay & pair of rigid guide rails with special. ball-bearing 1 ; ep pete ; : 
©. wheels. Translational motion is imparted from a ver- This. typical. Electron Beam. Welding) Facility. -- 
ar, tical shaft to the work table by means of a rack and requires, the following service: ce Sa 
5 Pinion. The T-slotted table can be, replaced by the Electrical—440 volt, 3 Sesatemoere 
. s Alr —Supply: 80 psi, % line 
A hinged cabinct is side-mounted on the machine rt umps: 2” tine 


aR frame and contains the electrical, scquegte pane, the ‘Water’ —Supply: 35 psi. “line 
= —vacuum pumping sequence panel, the ‘motor control. Drains atmosphere, 1%" line 


The Opera SAFETY. 

the end of the vacuum Great care has been exercised to provide’ adequate 
safety provisions to protect the operatin, and main: 
tenance personnel, and the equipment as well. Fur- 
thermore. this equipment presents. no hazard ‘with 
regard to X-ray emission. The maximum potential pro- 
vided: by design’ is 30,000 volts. At this accelerating 
potential, X-rays are of relatively, long-wave Jength 
= ee nosed and Yow intensity. and are: known as “soft” X-rays. 

“9 Vacuum Pumping System is wholly “ 
ae; Sirs : for the mechanical . Sciaky has carefully designed thé chamber, doors, 
i and ports so that primary or secondary X-rays will not 
escape. Specifically, ‘these director scattéred X-rays 
are cither trapped or absorbed: by -the mare: than 


AVAILABLE 


moeurRs 6-Photomicrograph of T-Joint 

clectron beam weld’ made in molybde- 

num. (4% titanium content). Shect thick- 
2 ness is-.040". oath 


adequate. thickness of the chamber—step and groove 
joints machined into the doors to mate with a butting 
edge of ‘the chambér—leaded glass and ‘lead guskets 
for the ‘ports. 


Each machine is set up and-thoroughly: tested-be- 
fore shipment. Among the test. procedures conducted 
is the measurement of X-ray leakage with the electron 


gun focused on a tungsten target with an ‘accelerating’ 


potential of 30,000 volts (maximum available). Un- 
der these conditions, we have been unable to detect 
any radiation, above background ‘level by. means : of 
Precision’ Radiation Instruments,..Inc., Model: 107B 


Geiger Counter. Background Jevel is in‘the ‘order of 


0:0F milliroentgens per hour. 


riGuRe 7.-Photomicrograph of electron 
beam butt weld made in type 304 stain- 
less steel. Plate thickness is 5”. 


Fist Sack 


‘ 
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SCIAKY ELECTRON BEAM | 
WELDING OFFERS THESE 
SPECIFIC ADVANTAGES: 


Multiple Electron Gun Movements—The Sciaky 
gun, entirely contained within the atmosphere of the 
welding chamber, will weld at any angle, i.e., from 
the side or bottom, as well as conventional top posi- 
tion. Both gun and fixture can be moved within the 
chamber while welding. 


Exceptional Depth-To-Width Weld Ratio—Excep- 
tional electron optics produce an extremely high spe- 
cific beam energy. With accelerating voltages ‘no 
higher than 30,000 volts and electron beam currents 
of 250 mill a ratio of weld penetration to 
weld bead width is as high as 20:1. 


Wide Welding Range—For example, materials rang- 
ing from .005” thick tantalum to %* plates of stainless 
steel and 4340 steel are successfully welded. i 


Radiological Hazards Eliminated—Low voltage —~ 


—£38;000-V- relied chamber 
design eliminate X-ray hazards to.operator. As a re- 


Efficient Pumping System—Evacuation of chamber 
to welding pressure is obtained within three to ten 
minutes, depending upon chamber and pump size. 
Pumping sequence is fully automatic. Automatic 
safety devices insure trouble-free operation, and full 
protection of system. 


Complete Accessibility and Visibility—Three 
large chamber viewing ports and at least two doors 
greatly facilitate viewing and work piece handling. 

uence control can be mounted at a chamber end 
or in front of the center port. 


Ultra-Pure Welds—Electron Beam welding pro- 
duces welds purer or as pure as the parent material. 
In the vacuum environment, the undesirable absorb- 
tion of atmospheric gasses by the weld is eliminated. 
Also, the weld metal is outgassed during the welding 
process. 


Welds Difficult Metals and Alloys—Highly reac- 
tive, oxidizable, and vacuum melted materials are 
effectively joined. 

Dissimilar Metals Welded—Copper to stainless stce] 
presents no prol as well as one 


Better Physical Properties—Frequently, the clec- 


sult, the Sciaky low voltage system. needs no costly tron beam weld exhibits greater ductility than the 


shielding, even when welding at highest output. 


wea 


MN 


{ 


parent metal. 


R 


seuaeneneass 2 


——— aoe oe 


VECO PAN EST Re EIB IIEE WAR Se ist AN GPRS SS RE ena 


i. Lean Caged 


Be oro 4", 
id aaa 


TAKE FULL ADVANTAGE OF 
SCIAKY EXPERIENCE IN 
“ELECTRON BEAM WELDING 


The Electron Beam Welding Facility described in this 
brochure is but one of the many designs available. 


A unique Sciaky production electron beam unit 
pictured in Figure 8 welds end caps to tubes, using 
« barrel type, dial feed fixture. Circumferential welds 
are individually made to the many tubular piece parts. 
Indexing is automatic until all welds have been made. 


The clectron gun, within another production ma- 
chine as shown in Figure 9, automatically travels the 
entire width of the chamber. Sciakydyne Motor Con- 
trol, with its high degree of accuracy, separately regu- 
lates gun and table movement, Numeriea!controtis— ~~ 


——tasity adapted tothe 4 Sepiane ‘arrangement. Also, 
the 20° front port opens to provide closer and addi- 
tional accessibility. ~ 


If you have an interest in Electron Beam processes. 
contact: Sciaky engineers. Take full advantage of 
Sciaky experience—without obligation, of course! 


FIGURE 9 
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How York 19, 0... 1776 Broadwey, tm. 1201, Circle 6-7740 Deereit 2, Mich, 2918 W. Geund Sod, 875-6000 
Boston &, Mass, 6 Beacon Strest, Cophtel 7-1515 Chicago 38, Silineis, 4915 W. 67th Street, Pertsmenth 7-5600 
Washington S, B.C, 1500 Memechusetts Ave, ILW., Colmble 5.5610 Konses City, Me., 1015 Walast Strest, Delmer 35480 
Atlante 2, Georgia, 231 Neshy Siég., Jackson 27667 Fort Werth, Texas, 1414 Electric Bidg., Edison 6-4811 : 
Phdladelphie 7, Pa., 1123 Western Sevings Fund Bidg., Kingsley 5.6570 St. Louis, Me., 3903 Olive Street, Rm. 420, Jetfersen 5-S8S4 
Cleveland’ 15, Obie, 421 Sultdey Sidg,, Prospect 1.0060. Los Angeles 64, Callf., 2311 Portes Ave., Uredhew 27871 
Bullcho 2, 1... 367 Walleidge Bldg, TL-3-1560 Mitwoukee 3, Wis., 2333 W. Wells St., Division 2-6660 
Sciely prodects are else manvhactured by: fe 
Sdoky, SA, 119, Qual Jules Guesde, Vitry (Seine) Fronce | 
Sciaky Bleciric Welding Machines Ud., Slough, Bucks, England ita 
Scioky-Australic Pty. Lid., 19 Pine Rood, Fairfield, NS.W., Australia | ; 
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“SN THE UTTEED STATES PATENT OFFICE 
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BEFORE THE BOARD OF APPEALS 


_ Ex parte Jacques Andre Stonr 


| 

| 

| 
=225 
| 

Application for Patent filed July 10, 1964, 

Serial Yo. 393,800, a continuation of aoplication| Serial 
No. 186,617, filed April 9, 1952, and for the reissue of 
Patent Ho. 2,932,720, granted April 12, 1960. Metal 
Welding Hethods. ; 
| 
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—— nil 


Hartin EB. Hogan, Jr. for appellant. 
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Before Kreek and Keely, Exaniners-in-Ch 
Acting Exeaniner- 4in-Chief. 
_ Kreek, Examiner-in-Chicf. | 


This is an appeal from the final rejection of clains 

2 to 12, inclusive. Clain 1 stands ellowed. | 
The references relicé on ere: | 
Schneider 2,778,926 - Jan. 22, 1957 


"Eiectron Beam Welding", Sclaky Bulletin No. abh, April, 1951. 
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“a he ene application is said to be a continuation 
of | Serial Yo. 186,617 in which we are rendering 2 decision of 
even date herewith. ; 

The :45 ssues presented ees with res pect to Gua 
Bs 3, 4, 5, 20, 32 and 12 are similar to “those ‘presented in 
connection with claim 13 in Serial No. 186,6273 and the issues 
~ presented with re spect to ciains 6, 7, 8 and 9 are simijer to 
those presented in connection with eleins 2; h, 5, 6, 11 and 
12 in Serial No. 186, 611. For the reasons stated by the 
Examiner herein, and for, the | reasons stated in our opinion ino ie 
Serial No. 186,617, we wily sustain the pxominer's rejection 
herein. 
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teachings, this appears only Oov. She patent 
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In re application of 
Jacques Andre Stohr 
Ser. No. 186,617 Before the Board of Appeals 


Filed. April 9, 1952 - 
For -° METAL, WELDING HETHODS 


Appeal No. 21 6% 
| 


MAILED 


Havtin E. Nogen, Iv. For Appellant 


Rha Brog berber, 2.1904 


Examiner's Answer 
ab 
‘ | 
claims 2, 4, 5, 6, 11, 12 and 13. Clains 3; 7, 8, 9, 10 
and 14 which were included in the finel rejection stant 
canceled as @ yesult of enendments cated August 29, 1963 


and Janvery 2, 21964. Claim 1 is considered allowable. 


2. 3... A copy of the appealed claims appears on pages 
1-3 of applicant's prie?. - It is noted that the claims 

are correctly copied in the brief with the exception of : 
clain 11. Such clain as presented in the brief: includes 
Limitations rhich were refused entry in the Office action 
éated Jeruary 10, 1964. “Tt 4s noted also that Exhibits | 
A, © and D were #efused entry in the above Office action. 
lain 22 as finslly rejected is correctly reproduced as 


follows: ; 


The method of welding tivo materials tozetner 
elonz.a scam which comrises focusing a bean of 
charged particles on the abutting ecges of the 
materials at the seam so that the bear yields its 
enerzy to the ovo materials, and rozulating the 
bean intensity to penetrate the naterils and to 
heat the materials witil the materials melt and fuse 
together. “ be 

~ 5. cova rans OFFICE :1K3-~-O-710-416 
@O 875-231 


oer fe 
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3. _. The veference of record relied on is: 


Schneider 2,778,925 Jan. 22, 1957 
(ex108" Sept. e 1952 ) ; 


New reference 


Electron Beam Welding, April, 1961, Copy in Grovp 210. 


y, x¢ inversion is adequately Ges serie a 
3-5 of Sea prie?. It is noted at this point that 
the subject matter in applicont's vrief, beginning at the 
third complete paragraph on pase 5 ang ending with the 
first Se paragraph on page 8, relates to an in- 
eluded ' ripit HW". Such Exhibit and related subject 
matter will be given no considerasion in this ansver 
in view of the obvious fatlure of applicant :Go comply 
with Rule 195. Sere : ne 
5. * - he Schrzider patent, utilized in the final - 
rejection of claim 13, relates to an electron bean 
Sevice and uses thereof including welding. ‘The method 
‘of welding disclosed by Schneider comprises generating 
2 variable intens ty beam of electrons in a vacuun ‘and 
‘focussing such beam on the point of weld wmtil fusion 
occurs. ‘the process of Schneider is specifically applied 
‘$o the welding of a point contact to a germanium base. 
Such welding is effected by placing the tuo elements 
“$n contact and subjecting the contacting area to electron 
bean heating unsil 2 permanent connection is obtained. 
The only reference to the Schneider patent in applicant 
brief appcars on pese 93 however, no 2 vert is made by 
applicant to either Giscuss such patent or refute ‘the 


Serial No. 106.627 
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pejection of clain 13 thereover. In the absen¢e of 


comments by applicant relative to claim 13, 1t) jwould 
appear WEN the Eee rejectl on of clain 13 is |Andeca 


proper. | 


— RESECTION 
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Ge = Cleins: 2, 2 S s; a i and 42 vere finally re= ; 
ject ted as not supported by the aisclosure as originally 
filed. In the final rejection, 2 amendments designated 
By» Piest pavegraph and ig were ob jected to eg new | REISE 
and required GO be ee ere ; 
Yio inally rejecting clains 2, he 5, 6, 11 
and 12, 1¢ = the ‘Teminer's conclusion that no support 
in the origina at specit ficat: jon ‘could be found for the 
Lained Limite sions relating to welding wh shovt reliance 
upon heat cond auotion or vegulet on of beam 1 ntensity GO 
produce Ww ork’ penetra bon. mae spect fication RBS “prt/a 


contains no an2 alysis of the affect of an elect: bron bean 


wpon impact with the work with respect to “esther heat 
conduction or pean penetration, agai sionally, the re~ 
. Jetionshiip of beam inten sity Oo heat conduction and 
| penetration is not disclosed. In the absence of such 
disclosure, the cle Ame ‘Limitations: of welding by direct 
enerzy tran fer Ww rit how Lekry relying upon he as conduct tion a 
throvga the megeria uL ‘end setics ing the ‘beam intensity to 
{nto the meterial are clearly beyond the scope 
ication. ae ieeoral taen orang ‘ 
2 13 stands reject ed as unpatentable over 


The steos claimed are disclos ed Py Schneider 
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in ines 37-h0, _columa 3, relating to beam focussing; lines 
67-69, colum 3, relating .to regulation of intensity and 


lines 63-67, column 4 relating to welding the contacting 


portions, Although the Length of the seam would be ex- 


tremely small in the weld of Schneier, the fact remains 
that 2 weld is produced along 2 Seam. It is considere 
only obvious that the bean exis oF Schneider would be 
“substantially in the plane of the sean” to prevent ex= 
céss heaving. - Wares 


““S PReporSR HO ATLECARTONS 


9. S above indicated, ‘much of applicant's brief 
3s constituted of subject natter for the first time be~ 
fore the Examiner or irrelevant to the determination of 
whether or not the original disclosure Will support the : 
eppealed clains. Devoid of such subject matter, a de-, 
finite determination of applicant's position is rendered 
Gietienvie) eet a nes eee 
10,. _. Om page 3, immediately efter clain 13, ib is 
stated tnat "tie sole issue before the Board of Appeals 
4s whether or not the disclosure of Stohr supports the 
above clains". . This ignores the presence of clain 13 
and the-pojection thereof on the Schneider patent. 
21, Any allegations which may appear in the last three 
paragraphs on page 5, page 6, Exhibit MN, page 7 and the 
first complete paragraph on page 8 are not consider 
properly before the Exaniner under Rule 195 and have- 2 


- weet 


not been considered. 


sesien No. 195,627 Rates peer 
spree) No. 2h 64 | ~5- 
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= - . | 
“We. . ~The portion ¢ of applicant's prief tities “The 
Hist vOry 0: = “ghe Stohr Patent Applicat’ ons ' has been con- 
sidered put ‘n0% “Shor 1G relevant to the issues | on appeal. 


“While the ‘points raised ¢ erein may justaty ‘the filing 


of a reissue applicat %ion , ak in not seen how oie can 
have any bea ing ‘on wha vG is ov is ‘not disclosed. ” simi~ 


lavly, the Steigertald patent and 2: pplication | are not 


adie “mam ner 


| 
sed as evidence that the instent clains find 


poe of ‘record and could not in any for >see 


4n the soecifica tion. The noted section is 
" Oe 
e with cone Jusions having no basis in fact. 


"S Bypicol of suck ‘gonclusions anve Lars On pe age 9; ‘din 2s 17 
“ What subsequent ‘action of tne ‘Exemine er shows ‘thats he 
“neit her understood the paper yor the sample and “now ze 
Goes it show” such lack or unders van ding? No sarple 

is of rec ord in the ‘patent eile, nor is there “any record 
‘of ‘what ‘explana tion was given relative “to ‘the pe: aper a 


Elec etronic Welding of Netals. The st sabenent in line 33 


2! si ge. AL, has no basis in Pact. ‘Lines 42 and 13 of page - 
ney hes 


: A contami 2 is conclusion Pay 314. Ks devoid © of 
‘fact. What made 4t so clear to ap nt t 


“Ryaniner dia’ not understand the Snventa ton?” On pase a2. A 


“line 6, "everything" over uhich there is controversy 
-has not peen Geleted fron the instant specification. i 
‘Amendments By and By as previously. indicated are ‘ne 
sidered peu matter. The Steis eruald clains noted at 

€Ehe boston of pz se 12 are not re eproduecd. de is entirely. 
‘possible thet © such claims may have peen unpat ventable ovex 


the Stohr patent. 
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13. fhe portion of applicant's pric? beginning et 


the second complete paragraph on pege 13 comares the 


appealed clains. with the insta & specification. z Appli- eA 
te and the Examiner wil agree, that the Stone 
g@isclosure will support the claimed limitation "focussing. 
: a beam of charged particles on the material to be welded”. 
“She second step of setting the bean intensity to pene- 
trate into the material as broadly recited in claims j1 
the beam intensity to penetrate into 
the material and fuse the material over the 
of the penetrating beam aS appears in cleins 2, 4, 5 and 
6 is not considered supported by Stonr. finplicant relies 
‘on lines 32-34 of pase 1 for supports of this limitation. 
Such lines are as follows: “All the parameters which 
may influence the welding operation are made adjustanle 
“at will, to wit in particular the intensity of the 
electronic current, the electron ace", The remaining 
portion of the paresraph beginzing with line 32 lists 
all elements that can be adjusted. Insofar as the 
; Examiner is concerned, the auoted section means at best 
that the bean intensity has to pe: sufficient to heat the 
_ work to welding FemMeravuree fo interpret, such quoted 
Zines to mean that the intensity is such as to effect 
elther beam penetration or simultaneous fusion over 
‘the entire depth of the desired weld is felt beyon 
s any reasonable interoretation. Simtlavly, to infer 
thet a weld can be rade without relience woon heat Come 


éucéion from such meager disclosuve is not thought reason- 


“- 


abte. Avohicant would appzrently reduce claim 2 to the , 
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eae of beam focus sing and sett sing the bean sntonsity. 
rf ‘this were all that the claim required, it would be 
vnpatentable over, ‘Schneider “ho ox selose $e s both “steps. 


The intensity of the bean , of ‘claim 2 must ‘be more tha 


the % which will heat the work surface by. ‘bean oe and ; 
fuse ¢ toa  desived dept ch by heat conduction. the cla 4m : 
_speetficaly calls for hee ting by divect eneray § 

‘without reliance upon, heat conduction. This « ean only 

be accompls she a with uch a, bear au int ensity ‘far in excess 

of that hich wi 1 he at the impact surface to a fusion 
temperature. The Stohr potent neither discos: 3 
concept nor discloses appara Gaus ca pable of generating 
such high beam intens Lt CY e ca This has as s bee n the Bxeniner' s 
position from the cote hs evid Zence that this po- am 
sition is doun a, ‘the rece nbly ai scovered “Setayy wb. 
cation 45 cited. It is noted that So faky is the ‘assignee 

of ‘the Stohr paten nt. & % chough the publication bears ‘nO specific 
gate, it is obvious thet the publicat Lon date is 
quent to chat of the cone patent date. In the section 
“Electron Beam, v etding Devel opm ens ", the “Stour 2 appar ra 


tes is éeseribed. ‘Such apparatus operated’ at 25,000": 


volts: and ‘had Linited foou ssing ‘cepabilities. The inela 
ae 
produced had a typi cal dept th-to-s ridth ratio of unity, 


characteristic of vel ads which re ely on heat conduction 
to produce the gesired esion depth. | 


haapte tion of ‘the ‘electron microscope for 


welding Seated in the use of operating voltages at 
< 


about 100i (the Steigerueld operating volte: se). | The 
high bean energy re sulted in navro 37 deep welds. The 
four’ oh paresra’ apn, “ eolu min, 2, page 1 is of particular 
interest in that it becomes clear that dcep welding 
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could not de accomplished below 30kv until a gun having 
the requisite high power beam density was developed by 


siete wie. <a en eee ee 
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“the last paragraph on page i is: even more oe 

teresting % in that with low bean imbensity; normal heat 
cond Gion. laws are applicable and the weld is at least 

as wide as it is Geep. (depth-to-width ratio of unity). 

As. indicat ted above, this ratio is attributed to the : 

Stohr appa. ratus. if the inten sity is further. incre ased, 

mad heats conduetion does. not take place and welds 

sein « a depth-to-width ratio of 20 tol can be. effected. 
oe .in view of the noted publication, the Examiner 
is nore firm aly. convinced tothat concept of welding sith= 
out reliance upon heat conduction by setbing the beam 

int tensity to a valve whieh Wild result in work pene- 

tration is not disclosed by Stohr - .This concept can 

not be Said 0 be inherent ; in the Stohr apparatus in _ 

view of the above noted ‘imitations in the w sorking vol- 

tage and lens syste of such apparatus. | 
ate _ Clain 4 contains essentially the limitations 

of eain @ and is considered equally not supported by 

the Stohr disclosure. Clain 5 depends from elain 4 | 

and would be considered within the patentable scope . 

of the Stohr application 4f it were not for the fact 

that she linita tions of parent clain 4% are not di S- 

“closed. Clain 6 contains the esse 

¢lains 2 or 4a and are. noe support ed ce the eoove PS2SONS. 


Glain 11 is broa ader than the other claims but still 
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requires setting the ‘bean intensity to. penetrate the 


material. Penetration requires a beam intensity beyond 


‘the capabilities of the Stohr apparatus and logically 


could not have been comprehended by Stohr. Claim 12 is 
similar to claim: 11 and not supported for. the same reasons. 
Applicant concludes with respect to claim 12 ‘that it is 

; immaterial hethor or not the bean penetrates: The 
Examiner does not agree with this conclusion. In the 
absence of beam penetration below. the woric surface 5 

the kinetic enersy of the beam is changed to heat energy | 
at the surface and conducted to the desired weld depth. 


Tnis/not the weld. contemplated by claim 12. _ | 

F Claim 23. is discussed broadly by spnicent 

with respect to supporting disclosure only. Claim 33 

is -réje cted as unpatentable over Schnelder and not on 
Jack of supporting disclosure. By SNS een sd 
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ell cont vain the Mmitetion tha & the bean intenatt y rust 
be set SQ that the be cam will penetre te the work. ‘ciains 
2; b, = aha 6 are more spec ie to the aftects of a pene- 
trating bean in spelling out + b the ners) is effeoted 
without relia ance upon heat a con. Applicant's 
position is that the disclosure, of Lines 32-34 of ‘peg 
a of the specificati on will support the claimed foe 
tations. Such Lines merely st te that all eters 
subject to adjustment een be adjusted ¢ at will The 
Exaniner's position is that this broad re eoitation abe 
vides no specific teaching as to how any parene 


should be adjusted to give the claimed result. Agaitionatty, 
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in view of the publication "Electron Bean 1 felding > a6 
ou be fairly concluded that beam antensit ty has a, de~ 
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high intensity beam results in a ‘high aepth-to-wiath 
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the publication that the apparatus’ of the St tohr patent 
was incapable of a beam of high enough intensity to pros 
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practice the claimed method, it is not understood how 
.applicant can contend that his disclosure supports the 
‘process Glained, Se Coes Bie paren eee 
“The rejection of elain 13, as unpat tentable over 
Schneider does not appear to be Sn dispute. It is thought, 
however, that the same is creat unpet entable over the 
reference, differing if at all, i whats is contemplated 
by the term seam. The seam of Schneider, although more 
comparable to what is comoniy termed a spot weld is 
nevertheles S$ bro add ly a seam as claimed, a ae 
eo . For, the above reasons, at is respectfully re- 
quested that the final rejection of claims 2, Ra Ge Gp 11, 
22 anid 33. ibedeusteineds Ne eet 
| Applicant is advise od that the publication, 

"Electron Bean Welding" and the use thereof is not x 
considered a neiz ground of rejection, but merely as. . 
‘corroborating the continuing position of the Examiner 
“that the appealed elains ere not supported by disclosure. 
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The presence invention relates to methods for welding : 
metals: 
Its chicf object is to climinate any risk of oxidation of 

the metals during their welding. “727 . S 

It is essentially characterized by the fact of placing in'a 
space where a high vacuum can be achieved, on the one = 
hand the metal pieces to be welded together, and on the 
other hand a source of electrons capable of bombarding 

said pieces, means being provided to give the area of im- 

pact of said electrons on said pieces dimensions which are 

quite definite and adjustable and to displace in any desir- - 
able fashion this impact area (in which the metal pieces 
are melted), with respect to said pieces. in particular in 
v such manner as to place it at any time on a linc along 
——_ which welding is to be performed. 

It should be reminded that, during welding operations, 
it is necessary to protect the metals to be welded against 
oxidation by making use of a suitable atmosphere. 

Such an atmosphere may be constituted by gases, such 
as argon or helium, which are chemically neutral with 
respect to the metals to be welded. But this solution 
necessitates 2 perfect purification of these gases, which is 
difficult to obtain for spaces of relatively large volume. 

Vacuum, or highly rarefied atmosphere, also complics 
with the desired protection conditions, but this solution 
cannot be used in the case of conventional welding - 
methods because a blow-pipe cannot work in a vacuum. 

According to the present invention, these drawbacks 
are obviated by effecting the welding opcration by elcc- 
tronic bombardment of the pieces to be welded in an at- 
mosphere which is as rarefied as it may be desired. 


3 "All the parameters which may influence the welding-.... 
(operation are made adjustable at will, to wit in particular - 
Ge tw tthe intensity of the electronic current, the electron ac- 


W +} {ccteraton voltage, the characteristics of the lens or lenses 

for concentrating electrons, the residual pressure and the 
nature of the gas present in the space where the operation 
is effected, the relative displacements between the source 
of electrons and the pieces, and so on. 7725 


2.7 3 f Vacuum in the welding space is obtained in any desir- 


G 


able fashion known for the obtainment of a vacuum, for 
instance by means of blade pumps, diffusion pumps, 
molecular pumps, and so on. 7 

Welding may be effected— 

-Either in a continuous fashion, the electronic current 
being uninterrupted and the area of melting metal mov- 
ing regularly along the welding line; 

Or in 2 discontinuous fashion, the electron accelerating 
voltage being periodically cut off and the electronic cur- 
rent bzing constituted by a succession of impulses: weld- 
ing is then effected by a succession of spots which partly 
overlap onc another, and the time for which a metal area 
is sudjected to roclting is considerably reduced with ro- 


at 
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spect to the case where welding is continuous, which per- 
mits of applying a higher energy on every impulse. 

Preferred embodiments of the present invention will bs 
hereinafter described with reference to the accompanying 
drawings. given mercly by way of example and in which: 

Fig. 1. diagrammatically shows, partly in axial section, 
partly in clevation, a first embodiment of an apparatus 
for carrying out the method according to the present in- 
vention. 

Fig. 2 is a diagrammatic perspective view showing 2- 
sccond apparatus for carrying out said invention. = 

In both of these examples, 1 designates a line of weld- 
ing to be obtained, 2 and 3 two metallic pieces juxtaposed 
along this line 1, 4 the filament of a cathode § emitting 
electrons the flux of which is directed and concentrated 
by an clectronic lens 6 onto the point of impact 7, and & 
a gas-tight enclosure containing the whole of the above 
stated elements, connected with 3 pumping device located 
in casing 9, to keep the vacuum at the desired value. 377 

In the first embodiment Hlustrated by Fig. 1, accelera- 
tion of the electrons is obtained by means of an aceelerat- 
ing electrode 10 constituted by a hollow cylinder. This 
clectrode, maintained by a conductor IL ata potential 
higher than that of cathode 5, establishes an clectric field 
capable of accelerating the electrons emitted by this clec- 
trode so as to send them onto the impact point 7. 

Furthermore, in this example, the weld line 1 is of 
revolution about the axis XX of the apparatus, the whole 
of picces 2 and 3 being rigid with the rotor 12 of a motor, 
for instance an’ asynchronous motor the stator of which 
is shown at 13. Displacement of the weld point is ob- 
tained by rotation of picces 2 and 3 about axis XX, cath- 
ode § and the parts associated therewith remaining sta- 
tionary. . 

A conductor 14, connected with the shaft rotor 12, 
makes it possible, if necessary, to impart any desired po- 
tential to the pieces to be welded 2 and 3. 

In the second example illustrated by Fig. 2, the anode 

! is constituted by the pieces to be welded 2 and 3 which, 
therefore. themselves accelerate the electrons emitted to- 
ward them by cathode 5. : 
_ The line of welding is in this case rectilinear and it is 
the cathode which moves, together with its filament,4 and 
. its lens 6, along a bar 15, so as to ensure sweeping of the 

weld line 1 by the flux of electrons. 

‘A window 16 permits of supervising the operation. 

If the weld line had a complex shape, means should 
be provided, such as sets of cams, in order to displace tho 
poin’ of impact of the fectron flux along this weld linc. 


What I claim is: - 
The method of feces of metal to- 
vacuum, said two 
dges thercof 


h each other alongs 
cussed electron beam onto said lin 
beam along its path to said line, perio 
said beam whils producing 3 relative coatro 
ment of said interrupted beam and the whole of said to 
pieces to cause the beam to travet along said line of con- 
tact. 


i 
1 
t 
| 
i 
\ 
t 
| 


; .2- The method of welding material by direct energy 
} : : ; ne oo 
/ transfer to the material and without relyin upon heat conduction 


through the material to melt the material to the desired weld 


depth which comprises focussing a beam of char 


the material to be welded and ‘setting the paiuieecene to 


penetrate into the material and to fuze the material over the 


} entire depth of the penetrating beam. 


| 
enetrate the material. 


‘4. The method of welding together two materials by 
| 


direct enexay transfer to the materials and without reliance 


upon heat conduction through the material to melt the material 


; 
to the desired weld depth which comprises focussing a beam of 


charged particles on one of said materials to Ibe welded together 


and setting the beam intensity to penetrate through the said one 
sf 
of said materials and into the other of said materials and_to 


melt the materials over the entire depth of the penetrating beam 


. 
and to fuze the materials. 
- 


5S. The method in accordance with claim 4 which 


° é + ~ 
includes the step of fuzing the materials together at_a_ plu- 
| 
rality of positions along the periphery of a circle having its 


center. at the desired position of attachment of the materials. 

. ~. if | 
| 
| 
| 
| 
| 
| 
| 


6. The method of welding together two materials along 
a seam between the materials by direct enérgy transfer to.the 
materials and without reliance upon heat conduction through the 
material to mare the material to the desired weld depth which 
comprises focussing a beam of charged _ particle at the seam | 
‘between tie mpGentars to be welded and setting the beam intensity 
to penetrate into the materials and simultaneously Pa heat said 
materials along the! entire depth of the penetration g beam until the 


materials melt and fuze together. 


7. The method in accordante with claim 6 i 


beam is focussed to yield its ener ecually to both materials. 


terials to be welded to ether have different thermal char- 
acteristics and which includes lees the chaxae carrier beam 


at_the matertate to be welded _s that the ratio of the enexay 


characteristics of the respective materials. 


9. The method i ee to claim 6 ‘in which the 


materials to be welded are ee by a_groove having a 


transverse dimension as _ gr at as or greater than the cross 
“section of the beam, i caletades periodically A@eflecting the 
beam transversely to its ere of motion to such an extent 


that it impinges upon a (ae marginal area about the weld seam- 


10. The Re ees to claim 6 which includes fo-=- 
¢, cussing the beam at eae pieces to be welded _so that the bean 


penetrates only into the| work jece consisting of the material 


having the higher melting point in the immediate vicinity of the 
( 


weld seam. 


oatH 
UES EES ANDRE STOHR, the Fes are "petitioner, being 
duly sworn, deposes and says wees he is a citizen of the _ 
Repack of France and a resident of Buxes-sur-Yvette 
(Seine-et-Oise) , France; 
’ That he verily believes himself to be the original, 
first and ‘sole inventor of the invention described and claimed 
in U. S. Letters Patent No. 2,932, 720 and in the foregoing 
epeci fication ae for which improvement he solicits a “patent; 
That he does not know and does not believe that said 
¢. nt Oe oa was ever known or used before . his invention or 
discovery thereof; . Pe =a 
That he believes that the Letters Patent referred to in 
the cores petition and specification are partly inoperative 
for the reason that the claim thereof is defective and in- 
sufficient and that such defect and Hgeerrmencnte consists in 
.. the omission of claims that are specifically directed to certain 


| 
-phases of the original invention, namely, the pconeoe of depth 


and intensity penetration of eS electron welaing beam, that 

was described but not claimed in the application for the original 
patent, and as more particularly defined in Claims 2, 3, 4, 5, 6. 
7, -8, 9 and 10 of the foregoing ‘specification: | 


, 
That the errors which render the said Betters Patent 


partly inopexative arose from inadvertence, accident or mistake 


‘and without any fraudulent or deceptive intention on the part of 


the applicant; ; 
: | 


That the Pas Tene is a retecect eration of errors 
that constitute inadvertence, accident or mistake relied upon, 

We namely, the failure to make = claim that pert and Specet 
ically covers SIG part of the original invention upon which is 
based LESS 2, 3, 42 5s Ge Te 8, 9 and 10; 

That said partial jnoperativeness of the original patent 
consists in the failure to present and obtain a claim in Ge ; 
original patent of intermediate scope such as Claims 2, 3, 4, 5, 
6, 7, 8. 9 and 10 herein presented; 

Seay. That the insufficiency of his patent and the inadequacy 


of the claim thereof to fully protect his invention in all of 


its phases by specific claims only recently came to his atten- 


tion; and 
That SSESESES immediately took steps toward the filing 
of this application for reissue, of his patent to remedy the 


defects and insufficiencies hereinabove recited. 
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Metal Welding Methods «+ 


PRE-EXRUIUAT JOU AMENDBENT 


Hon. Comaissioner of Patents 
: Washington 25, D. C. 


» Sirs | ; e 
Dat = Hees : ve j 
Please amend the ava sationearres application as 


\ gollows: . : ee Gh SA ie : 


energy 


| 
Page \, after Line 27, ae the dvllowiag : as 
then velding is done by means of | a: source cE 


EES applies the energy to the ayréace oe the material ta Le 


: s 
% welded, for example, when veldiny is done by means Gf a flaiic, 
s 4 


apomerae npmmnetey oe se 


‘ i : 
by means of ‘an ESE, arc, by ‘meana of electrodes, etc,, tha 


OES is Sees SCE by rhe source of energy and ace pron 
/ 
‘pagation of heat “into the magerial required for melting a greaces | 


Fs area of material is effected by heac conduction. 


“Xt has also been proposed to use an a electra Lbsaw a5 

‘means for cueplying the nscess ary “energy. but che electron heeu 
a» has been used caly for heating a guréace arcs at the desired 
“place on the ck is oe Halting of the material to fora the 

* weld is caused by ‘thea propagation of energy taking) place by colt 


conduction through the material. ; 


SNE _ Mona of the lgfexrs the 


eR art teaaty alee s ree erst A Att Dem nmeme: memes se 


» possibility of Limiting the melting of the material cv te welded 


. . - | 
‘toa narrou region Of the surfaces Ly’ e bonded, gince the 


pees wees eh meee 


therwal energy ia the material is ee practically 


il 


age oot” 


bet 
| 
| 
| 
| 
| 
| 


5 poate 


i 


| 
| 
| 
! 
: 
! 
! 
i 
| 
| 


uniforaly Pex wlahcections by heat conduction, “Another dis- 
i aavanitage of the known. welding processes £ sides in that ne 
* propagation of cnergy by heat conduction in the material a 
‘comparatively Blow. iy: c ae 
Horcover, the kaon welding proces 58e6 generally eacaae it 


‘4 
é neceasary to use special seam shaped, — See for exainple, ths 


“fe known eaants and velding materials foy filling in the seam, 


5 


: : rf : 
Jt is, therefore, one object of chis invention to provids 
i : ' 


i improved method and means Lor welding!’ material by melting che 


material at the weld seam in @ ne ere extending through ~*} 


28 otrr te. 


the “Weld Sea, 


’ 
' 


-Ie is a farther object Rie invention to provide 


ete re 


> improved meched and means for valfing material in which only a 


wae 


‘emall regioit OF the material aaypcenes the weld is eeeoree: to 


i 
heat stress. 


. 


It is a’ furthec obijech of this invention to provide an 


bocce cece teeaee neers s eee 
cess ceomeege emma meses BA armen eent © 


Amproved wechod and means for, welding naterial at high ppewd in 


a Meee te eI Te So he 


2 } : 
ar which the heat conductivity pe the material dogs not Linit weld 


i speed. | 


a mre omy wet ot 


It is a further cbject of this invention to pravide «i: 


‘improved mngee and means of welding material cogethex yithour 


. * 


peewee ene ee” 


i: preparing shaped velding Scams. 
In the velding proces Y:) according to che present inven~ 
tion, a beata of charg¢d particles. is used as means for supply- 
ing eneroy, “gaia Leay being renee according ‘co i invention, 
ac or close to the aaa and ive intensity being Fis) regulated 


Senate the ‘beau, forulng ‘a narccw, highly heated chenne? at the 


Lok oR SS RS Be ret ee Bee Ports one 


MOSS ERS Eh 8 Sad BS TE ESS 


place ‘of Inplagene one, penetrates into the gaterial and, ia ae) 


doing, imal eancously yields its ea to the wetsrit) through> 


out the entire cee of penetration. tas datensity GE the bead 
is controlled to ensure chat a certain tai pina density of energy 


‘ ' 


dependent on che kind a Macerial to be Welded reaches the 


material at the place of RCTS: hs soon as this density 


i. 


Of energy is avtained, the beam penetrases into the material to 


' a @epth eo depends on tha aterial ard oa the bean) incensicy | 


| forming a narrow, highly heaced channe} and ERE epu usly welt~ 


ing the material, Matte the bean thys peneccates, che hacerja) 


ey adjacénce the bean is melted simultanzously over the 


‘gentire depth Of penetration of the bean. - Ié che beain| is now 


ota 
' 


; proper weld, 


Pemoved oni the molten metal flows together and fuses into a 
| 
| 


This new pro esa for welding has the gcteat a advantage 


that only a SOLE region of the pateclal adjacent the) weld is 


aubjected to heat stress, _ On thé other hand, if the welding, is 


H carried out in the manner oes in the ah, Whereby- a bean is 


directed at the weld Heating the material guperéicially only, 


wt 


the thermally stréssed area of mate Sant is “about = to 1s Ulikcs 


coe area heat-stréssed in croee new valding process, 
. - | 
PCy ‘the nev Welding process has the additional advantays 


chat the welding can he cyrcied out at comparatively high Specd, 


wife ig due to the fact ghar: only comparatively chia Feglons of 


wacerlal adjacent the ‘channa} of penetration of che besa muse 
| 


: be heaced and melted, suid heating taking plac @ sinalkeneoasty 


i. Bong the “depth of penetration of the beau, In we khoun welding | 


g process, on the other hand, the buyers dally generated heae ee 


a 5 + eee 


Botham tts SS HGSS f sire hee ig Ue deeeree 


Sabie ions Siig ad ae ces 


| 
| 


2p Reem en some! 


Atenas atet nee ene ete tina wees er Ky 


nen. « 


Oe hsm pre peiey bares SB eqces, 


te cee eee wees, 


: 


AAs wr tee erste orem - 


‘death e hase ob acathag Sh Wasi ART RS tO hee agen Lette 0 fates onde shane tetin SORT ay ay ee BE Sah RSet Sw ote © 


fen nnne nnn - 


firet penecrate, comparatively slowly, inco the macerial by heat 


_ conduction and causs the melting of a comparatively largé 


. 


¢ 


volune of material, 

| rt is advantageous ‘in many cases to select an intenalicy 
of the beam of ninate magnitude that the bean CREE penetraces |! 
-3 the ae This ocedare will ensure chat the work, pisces 


‘to be welded are welded ‘cogether. over che entire dapch of the 
seam, ~ Poe ee ie ' 


Whe penetration of the. beam “{ngo sae pacer noe can be 


observed plainly. the possibilities of 50 ‘going are MESSE 


below. As soon a5 the bean penetracea into the ‘york’ Gléce, ake 


; easily observed characteristic sparking occurs On the upper 


, -Gurkace of the EACCELES Observation of the surface of the 
matertar thus peruits one to Genes unequivocally thac the 


aoe comes beam has peneerated: ene the work piece aS 500n 


as, the above-nentioned sparking Sy there also exists che 
possibility of ueasuring the teuperature of the material ca be 

| created at or GUESS to che surfge ‘TE the mininua cenperacure 
F eoecteet for tha penstration oo the beam ia aoe it ean Le 
‘coneluded thee the beaia actua}ly pours anats into the vork piece’ 


Ser this tenperature is reaped, is 


“In pany “cases, the ‘ainiaum aensley of energy of the 
See 


i, beam required for the penetration of Sie ‘Leam te entecs ky 


: preliminary Cests, Ie is “chen. possible ta ae the actain- 
i ment of this mininuna density of energy during the velding prescss3 


proper by controlling: ‘the operating CEECREES of the bears 


i 
' 


generator such a5 an electron gun. ~~ 5 


be mee eran area one eemere! 


eee eee ee 


Lah 


veers cermilance st ete mae emeyn mmemvaarge wr eamar’ + 


seme egress step crnmeaen eee ef 


eee srr seems wees 


worse 


\. 


Page 2, Sing "15, after *valua.", inserg - ~ Control 43% 
: = 15, < 


cs ‘dn Fis. y ae 17! in Pig. 2 consists | of suicable controle and 


a 
7 | 


: adjustments, neelye the: PRE of cha electronic cucreat. 
test . 

o che, electron “acceleration voltage, the char Mie che 

f Nets or lenses for concen ntrating electrons, the meatal pressure . 
; 
- and the nature of the gas present in the space where the aperation 


wee me ese ene ern ci peveeysepane rpamwcwsen es 


‘ ~ ‘t 


is effected, and the relative ‘divplacenent SERS “tha pourss OF 


} electrons and the work, ~~ ie 


es REMARKS 
The above anendnencs are requested act this time for a 
: “clearer understanding o£. the disclosure of tha invention, the 


“insertion on page } is incended ‘to Supplement and expand the 


elece Op 2 come erent ee me OSS spams coppton brs b+ = am een ee 


| 
. explanation of. che invention in more detail for a clear undsr~ 
| 


1 etanding by ‘the mentee of what beneficial resulta are broughe 
i 
about a ae usé and applicaticn of applicant's inventiiu. 


inaexcion ‘on pays 2 identifies and designates Ln (taal Acatetey 

2 naterial illustracing the descriptive mates tcl set forth ja the 

‘paragraph on page 1, lines 32-39, te , 

: ; . . Clains 2 to 10, aieiver are clains a 24 

2 g 10 ‘and i o£ pacent to, 2,387,630, zssued June 6, 158) to 
. . ‘| 


‘ 
€ 
- aes 
uM 


* Karl Beinz Steigenvald. on an rasan filed Hay | (23, 1355, 


Ser. No. 817, 708. ONE fer | 


es | 
ol oS ee 


‘Applicant is entitled by reason . of his invention, to 


t, contest the! question of SE of invention ‘ralsed Ly che 


iH x@ | 


5a inadvertent SERS SE to Stelyervald or abe clain ag set forth 


sees 
“tt ghove. Jt is requested, therefore, that che Examiner sec up 


| S a 


isis? fl 


aa ‘intergere ACG between this mates applicatica and tha 


SOIR Tee EY Ae 


‘Steigeriald patent, ta decide the question of priocity. of 


invention . <i 
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Mata) Welding Methods 


LETTER TO. THE DREETSHAN ¢ 


Ske el 


Hon. Gomaisationerk of Patents 
Washington 25, D. Cc. 


: " ghe Deattonwan is authorized ae requasted, seb j 


to the approval of the Examiner, to make the changes shown 


in red on the atcached ‘prints < of the drawings in the zhove- 


“identified Spee oe 


i 
i 
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‘f 


April 9, 1962 


i 
i account Wo, 19-1375. 


“Washington, D.C. 
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account of Stevens, Davis, EOS & Hoaher, Patent Office 
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"! Hon. Commissioner of Patents 
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: of the reissue application. 
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applicants Wacqgues Stohr . ) 
Sor, No. :. 186,617 © Eh Votan Se : BG 
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3 -Metal Welding Methods ) 
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ee ANENDHERS - “heoewe 
; 1 Hon. Comaissioner. of Patents c JAN 30 153 

, Washington 25, D, C, ‘ 
eae li 


in ‘Yesponse to the oftice action of guly 2%, 1582, | 


. please amend the above-identified appitoscion as follows: 
t 


ee Se Please cancel ele amendments to page l, line yana 


) 
4 * page 2 line 19, and substitute the SOS 
- oy - (a : 

- Page ne line 4, after eS om insert AS SUES : 


= ‘sentences = h ‘controlled electron See is airectea on the 


~—— a 
oe ape me sare wee eed 


; abutment of the juxtaposed edges of Seredpicces of wetal ca, 


De oe welding Process t= SOS out ina high vacuun, << 


Lem = — me 


SES i! ‘agter Vine. 15, insert “Soe folowing Enc 


es ‘In kacun welding pro &ésses Where the heat is applivd 

t6 the edges of the Patenticn to he joined hy welding, whetler 

at Cert tes ca as - 

@tectric are or Flane or electrodes, che edges are bevel ox 
ecetormes to 2, SESE the weldiag or bheazing bead SSE ereae 
-fills in the groave and joins the prefurmed ages to: CEKSS a 

ee It will be noted in the dravings’ illustrating ie 

method of this inventicn that the abutting niacin of aaah aah 
flat abutting face portions in contact at the point ao impact 


= Sof the welding beam or they are rectangular édyes which will 


AN ee re tree cet erm ree me ty Sone are rm eye eee eannane ot Donen a myermnenin m+ 


Ah - . 
“i aber for the complete depth of thse edges - in.- contact. Hone of the! 


Be 
e welding processes known offers the possibility of Linitiny cha 


3 melting of the naterial ‘to be welded to a narrow “regioa of che 
! See to ‘be bonded, since tha thermal energy in- the waterial 


SH is propagated ‘practically liniformly in all directions by Saat 


conduction. Another fda ae of known valding pineeess 


. resides in the fact that we propagation of eneryy by heat 


 Gonduction ia the SES 4a comparatively & BYcAl, *e=] 6 


pecans 


Paga i, Atver line’ “31, dnasrt the De. paragrerli 


werent ee 


=~ The phencmenon of heating by an. electron bébs in 


the process of waking siai- -conductor waterials is anes as 
exemplified in patent no.! 2, 778, 926, and the faci ticy ‘of uaing ah 


electron ea for cutting by melting ant ee a 
material ia shown in patent Ho, 2, 128,55). * Patents) Hos. 

oh I 4 | M 

fae 2, 267, 752 and 2,267,714 éiaploy aa electron bean to perfusate 


ES ecial ‘to make mechanical filters and Bo- Beanies rules 
“gilters* “(vi none’ of th prices art: patents is concerned with 


. ee Phenomenon | of contro ded ‘electron Lean welding of. metalo.— 


Page L,jat_ the end jof Aine 394 add the gollovings 


ee aie a 


-- In the welding process according to the present invenh- 


soaps wennpee steer sears & 


‘tion, a bean of charged eae is used 23 means) for supply- 
: 


eee eee ony mem © 


. ing energy, said beaia heing focused, according to ithe inveaticn, ¢ 


- at or “close ‘to the veld and ita intensity being 89 regulated 


earns sete 


» that the beast forwing a es highly heated chaanel at the 


oe apenas * 


place ‘of impingsinent, pdwetrates into the material and, in 69 


doing, simultaneously yields ita energy to che material belay 
3 the surface of ths material throughout the catire depth of 


penetration of the Lenu, Ye intensity of the bean 
| 


. ’ 
. 


i fa controlled to ensure that a certain niniaun Gensity of energy 


| dependent on the kind of waterial to be uelded reaches the | 


oH natevial at. the place of impingement, As Boon as ‘this density 


} 


roe energy is Nocanted: the bean Se ELCEES inta the material ty 


Ms . 


i 
Da depth which depends on ‘the waterial and. on the: beau intensity 
: forming a narrayv, higttly ‘heated channel and simultanecusly welc~ 


‘© gng the material, While the bozm thus penetrates, the material 


‘ Yaterally adjacent the beau is melted sscitencously over she 


: entire depth of penetration of the heam. If whe bean is hou 
+ . . 


“moved on, the molten metal flows together aid fusca it. 5 
"? proper weld, 


: — = 
a 


“Phis new prdcessi fox welding has ths great aavantoys 
“i oe 


? that only a suall region of the mntestan adjacent the weld ia 
° . r 
: » gubjectea to heat Stress. On the ather hapd, i£ the Welding te 


2 carried ark in the manner hnowi in the pat, whereby a bewia is 


“directed ‘at the wbld healing the material auperficiall, ..1,. 
! 
© the thermally stressed area of materjal is about 5 to 10 Lincs 


; the area heac-stressed in the new yelding process, 


The. nev Hoe process has the addivional advancage 


. that the welding cat be carried out ac comparatively high 2, --0. 


? , This is due to the. fact that only conparatively thin regions ef 


| material zdjacent the channel of penetration of the beam must 
+ i . 


we be heated and melted, aaid feating taking place simultancously 


2 along the @epth of penetration of the beam, In the known welding‘ 
: process, on ‘the other hand, the superficially generated heet wuse 
* first penetrate, compayatively Blowly, into the material Ly heae 


conduction and cause the melting of a comparatively large 


; voluse of material, 


Xt ie an ae: of this invention to provide a period of 


Piiitcek bc shan en, eae aheetit 


| velaing juxtaposed fictal ee by eis of an plectron 

ie beam ‘on ae dhucting edges of the matecial at a point of impace | 

; aeeate& ney ae 

j of ‘the bean oa. thé edges, : 
seh th 


it is another aeee of this Javention fo > provide 2 
: method of entering a veld between the atatting edges CE wvtal 
oe pieces in a continuous vee at effecting a continuous velacive 
i motion & BORIS ee electron bean! and the aLinvting. 63 = of the 
= metal pieces. , ve; ay eit ; 


“xe is a further, Ces of this, invention to SESS an 


pee eer et 


improved method and means for welding material in witch sant ry 
| 


na cannes anh wae ene en etn Os en Ee ne ar 
- ee 
: : eee 


small region of the material adjacent tha weld is subjeceed to 
2s -}yha =” 
x heat; ‘stresss 
i" 
= see dee 
geese is a further ghject Of this invention to provide 3 an 


cee nt ree eee 


(Eupsovea method and mean ‘fox welding material at . high speed 


abe 
re aA vi ph in which the Neat conductivity of the waterial does| noc Line 
Nii + a ‘ é , , 
“fe +7 -% the welding speed, \ ae ap A 
.- Jt is.a further object of thle invention. to provide an 


“improved method and meana of welding materiel together vithsut 


" 2 a 
“preparing shaped welding Beams, 1+ 7 : eT FASE 
= Seen al mee ool: Lt ietejeocen nineteen pet Mees 
: Ae a a Page aa ac the end of line Ais, _inser t ~~, By Fi control 


' —" 


ei means 17 in Fig. 1 and ye in Pig. 2, all the paraneters BalSe 


t may influence the velding operations are made adjustable acl 


will, to vit, fin pareicular the intensity of the “electeonie 


wee ete pens en qe aeeemarn m; corer mere 3p mene as enppees gerne a 


“ current, ‘the “electron acceleration voltage, the chisractersstics 
1 


of the Nes or lenses for concentrating electrons, the residual 


Sr 


es cee ree rae ee mnie meeneents oF 


e 
Lf 
= 
: 


2 com emaengen eres eee en ae een ens armen nemnnente oe Nenebeeren as tome ee 
’ * 


r 


if pressure and the peters of the gas present in tha space Whers the 


operation ‘is effected, the aot nien TES cement hevueea the 


“source of electrons and che work pieces. . 


ey ever on eae 


‘ 


pois = Page 2, /agcer ling 416, ingart the f-lloying sentence: 


X 
3 Lo che penetration Of tha beaia into the waterial can be 


1 


* plainly observed since as soon as the beam penecrates invo ths 
a 


vo ae i work piece, a Charectactstic sparking oceurs on the upper 
2 \ s 
ig ee BFS of ‘the materia i “z- 
ee mene 
Se 
v : 
ase add | the following claiss: 


oe eS ahe method of welding two pacerials together along 
ea a seam which comprises focusing a hean of charged particles 
on ue labutting eslges, ‘Of tha marae at the seats ad that the 
> beam” yields its eneray to the tuo nacerials, sie regulating 
the beam intensity te genatiace the materials ane ta heat ths 
materials until te matexials melt and. fuse Cosaciere 
12. The method of velding tus nateriale together 
2 along ca nee which comprises ‘focusi ng a beam of charged 
Perceates on the materials at the sean, regulating the Sane 
“F"tntensity’ to penetrate the ene to teat the waterials 
until the materials male and fuse together, and effecting 


relative moticn rereen the beau and ‘abutting edges along the 


nan to fori a continuous veld. 


? 
{ 

en 
bee 
1 


fe magpie ey nomen OR RR ER TRA NE ES me ARNT NES SPEAR RARE HO POR ELS 


wee sie reece emevennes (tm tenes tries os br pwarwmnmmnmrere #4 91% 


Fo eetes meet reer eset oy 


ro eee 


.t 


’ 
. 


* 13. the method of ee tuo eae cogether Ee 
i : | 
. @ seam which couprlsss , “focusing a bean of charged particles 
alae ete teh Lalig CALE age w€4*%, Cie LGseve ote OS fits me SS 
- on she materials at the pean, 2nd reguiacing the be 2a intensity 
é 
= st effect heating of the pene until the aateriais at the 


ue . 


ved seam malt and fuse cogether, | 

e ae ne == = . 

14. The pected of. ean twa ‘gaceriels together along 
| 


“aa seam unich couprises focusing a non of charged bar reicle 


~ 


on a materials at the scam, rejulating the beam jntensit: 


to effect heating oF the wacerials until the patorials ac the 
"| f 
seas melt and fuse tagether, “and effecting relative motion 


‘*petwéen the keaw and ghuvting € é4 along the soe ta fara & 


‘inte . : ~ 7 ~ 1 
! ‘gontinusus weld, Won ese 35: 
2 > of RES S- apes oy : |. . 
ea 
| 


RENRRES 


ted opera yg sees ere meres awn t nee SK seepage eS 


Reconsidere ation of the rejection of the claims ia pape? 
"* No. 3. ia respectfully requested. | 


Applicant understands that’ tha application ‘gor reissue of 
the patent cannot be pa ssed to issue until the obiginal Estee 
| 
| 
is surrendered. applicant ‘is 5 prepared to surrende rtho. . 


‘original pacent in time for the Foe of =i patent. 


i athe anendments to page 1, line 27, and page 2, line ss 


woes ree waeetic wrens: peveten. | Oo cee EO Ot 


F have been es and other amendwcnts substituted for the 
{ 


oh in the- specification ‘to make more pndarstandabi¢ how the 
re | 


a= proposed Se ena merely explain ths disclosure of the 


ee Jaendwents irre for Pigs. 1 and 2 are 
| 
2 . I. . - : 
5 hecause Eee attention 15 directed 
. : 
to the fact that column \ of the specification of the issucd 


patent, Mines 46-53, explaina the # fact chat all of whe 


w 


el g ; a) Mf 


Wan L 
ho parameters which gay influcnce Uelaing are adjhotables ete, 
| 
| 
| 


teand thia is the basis fox illustracing ia the drawings, 


Z meang 17 ana 17! orietcecctac eee 
The amendwent’s to the specification liavea bsen rewrictén ca 
explain the, subject matter a specification. Yhe specifica- 
“tion, athe setae yocrece, reyuirus tho dutespeutation by oa 
‘person highly okllled dn the art of electron bean Wehr. pvc 
as Jacques Andre Stchr, and nat anay, people have had the 
' ‘experience that he has had in this fiela, eee it has been 
thought dosivablel to clarify the apecification in parts by the : 
; explanatory material’ inserted by the amenduents, It is nov 
‘intended to rely upon euch inserts aa the basis for claius 
in thia reissue ‘agplicacion’ Mie insercs in tha yejasue 
' application , for the most part des oribe in the specification, 
that which is cle arly iMustraved in the dravings, and the 
ene proposed anendient to the ipetnss illustrates thac which 
is descniies ia the specification, and a3 Exaniner, ee this 
“$e within: the Rates. tt upon reconsidecaticn, the Examiner 


* finds (that any part of the explanatory waterial insected ik 


the. spécification by awendwenc is not clear to hin, as to its 5 
5 { 
basis in the original disclosure, that is, the spactfication and * 


. 


., drawings, aiecant will be glad co point it out with greatec F 
particularity, but it does not seem to be necessary at this tiise. 
Reconsideration of ss cejection of claims 2-10 as not 
‘supported by thé disclosure as originally filed is requesced. 
‘Phe. Examiner States that the concept of regulating the boa 
intensity to the degree which cucules penetration of the besa 


into the material is not supported by applicant's original 


| 
t 


ee one arene een ee alee we ss ee ere eee oe oe een mete neee ee nant ee er RA oe 
ie = = 


| 
r a ene eet 


oN dis clos Ure. seeaics { it an eal that. in the file eee na 
5 Karl Heinz ‘Steigerwald application Sexial Ho, 617,7 


. : Hay 29, 1959, issued Sune 6, 1961 aa patent No, 2,9 


eet et eee ee ee ee reer 


= Bteigervald claimed in claim 9, a method of welding 
“i comprises, in effect, focusing the beam of charged particles 


” “ ‘ | 
on the seam to.be walded-and “regulacing the ean intensity va 


% penetrate said materials weve." the Examiner in paper uo, &, 


<< aces? January 6, 1941, states that the sulgect seater ‘of clain ~ 


* would be considered hy the Examiner to ‘be fully net Ly stoke, 


that is, the disclosure of Scohr’s patent epeattvicletes For 
: Which Stohr seeks this reissue, It is difficult therefore co 


~ understand haz Examiner can, da the reissuc application, conaidec. 


. ~ . ~ ° | % 
~ that the concept ees above ie foreign to Seabets disulosiis 
i | 
i when the Exawines ‘considered Stche ad a reference to 


 steigervald' a claim 5. It is alsd noted that the bteigsnwald 


% 
h application vas examined Ly an ASSES wees initials Were 


i “svT", Which initials are the erate of the Exaniner who 


examined theaeche. patent: application resulting in Facet 


9 eree we wien rene re eee rue ote wet Or pres ON ee arn SEITEN ONE THANE mer CstneaN ROPE SINE PRES GALT: FOU ION 7 


. | 

No. 2, 932, 720 and errarentey ve the Buauiner examining the 
reissue application, rt youl éppear, eer oee the 

i Examinar should re-exdiine his poaiticn with respect to the 


i @isclosure of Stohr in ‘the present reissus SEES eo ig tlhe 


66 te Pee et 


; Light ef his having relied upen it in renege: upon 
#7 | 
: Steigervald's clain 9, Claims 2 to 10 ae therefore believed to 
CS. 


“ be fully ‘supported by the original disclo oe | 
; 


Pe nee eg RO! ee eres 


: 


“ 


~ 


* Claims 1 te 14 relate ta the éteps generally set fore 


woe, 


in Steigerwald's clain 9 which the Bxawiner once stated vss. 


“fully met by Stohr”. Therefore, they should be fully ar 


* @isclosed hy Stohr, It ia believed chat these clainsa are ates 
‘patentable to Stohr inaswuch as they s:¢ not disclosed nor 


see 


¥ taught in the prior art. 


te ae The allovaiuce ve clain lis novels and ftiis believed 
ist ome reconsideration, Examiner will see wherein all of 
; claims now present in tha application are allowable for 
Sas ; : . am 
keasons set forth ahove, IE the kxawiner is of the opines. 
C A . ¥ 

; that sone of the cladis way noc be patentable, the Exsutner 
eet 


da requested to aggly the prior act ta then, 
Respectfully sulsaitted, 


JACQUES ANDRE SdOHK 
STEVENS; DAVIS, HILLER & HOSHER 
His Actocneys 7 3 
el 
Sere any rt og 
Drow aD xe /} U ae | \. 


: Martin E. Hogan, Jr. 


s 


t January 28, 1963 


. . 


sam et ae tee Te eeters eh tree? 
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eer see nein me renee etmenenem mene ae amen weelmmree were ncn cn emrmrnrese maene om 


vac vmente O rato ~ U.S, DEPARTMENT OF COMMERCE rear s cya 
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Stevens, Davie, Hiller. , Haagen hadre Ste 

and. Hosher ; ae oh ee 
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mms 


HAILED 
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Plecsa fad Below 0 camtauntcatlou frons tho . 
EXAMINER bas charge of this upplicaticn, 


oe es 


Cosrsutostoner of Kalenle, 


1. Shin is Ain response to the ascndasnt Filed 


January 28, 1903. 


’ 
seems eran: RI ae ae pine momma pm nar emmemeneees 8 
. * 


2. ae _Clates 4 to hy are pendiog. 
a Sema | the anendisnt to pags 1, ine 15 ia queacioned, 
The oonclusica to be drawn relative to edge preforaing 


is that all edgés are Leveled before uclding. While this 


“pay be trus in welding relatively thick matersal, Lt 
| 


* da not likely that aaterials having 4 thiclaicas, for 


exauple, of 1/16 Angie or less would be Javeled before 


eee Re Herren nn + sr ene men pa weren 
. . 


welding. Further, “qualifying @usndusnts ars believed 
An order, The guendusnt 8 to pags 1, lins 39, pags 2, 
lins 19, and paze 2, lina 4d, are required to bs ca idles 
as being: Syaun to subject Hottor not orig tially disclvscd — 


or ecaprehende sd. AB noted An ths first Ofcice ection, 


ne eke ER Proms an cng peeer ass 


> the original specification §6 couplerely silent relotive 
. to regulation of bena dntenalty BO a8 TG pomstrste tits 
-paterial and weed Suti'yy pinultenscusly over the entire 
depth of penetration, Siuilarly, no particular stress 


waa sade in the oriytial disclosures relatives to bean 


Ge apne ee ee re am me mere = Se 


intensity, The charaoteriatic sparking noted Ja thei 


anandinent to pos 2, Liv NO fy clearly mol oncGufss 


of 


“Bertal Mo.’ 106,627 


in’ the original dicolousre, ‘ kpplicant'o eoauenta - 
have been carefully volghsd, housver, the Exaniner 
recains firaly convinced that the noted ansnduents BX 
,Glourly dravn to ew macvsr, “Applicant Gontsids that ‘ 
the original upecifieation da quite adequate, Lut 
requires interpretation Ly ‘an execs in ’tha art. Such 
‘ gontention da inovisistent on ila fice bad parlioularly 


60 When thé subjeat aattsy of the Glaias Bought by 


ew be As renne Sete 


a 


" padssus eabodiea coscepts Por ths fivst tiae being ; i 
interpreted, She litetory of -ths Stelusruald eapioncton: 
frou which certain of the reissue clases have been S 

eRe while possibly having Baus bearing on whe elatus 


“in Sonus io only partially noted Ly ipplicant, Llata 9 - 


nen cet eet nese mmr ens SETS, 


., of the Stéigeriald applseation Was vancelled in response 
? - toa aultiplicity rejecticn before ths oication of ths 


Stohr patent, Wiot the Ecawinsr's opinion of claia 9 


pet 


‘might have been is not relsvant. Claiu 9 ie not herein 


-at fasus nor does clain 9 covvespond to any of tis clalus. 


in tho Steiveruald patent, The Single preduutiating faot 
ip W:) that An spite of the Stohy patent boing of record ia = 
- the Steigeruadd application, eB patent did isaus, Chvicualy, 
the Exauiner did mov! Pook that ths Stohs patent Stsolossd 
. "the concepts found 4h the Stéigeruald oletus cr the patent 
would never have Lasucd, 
od, * Clatas 2 to 12 are Yefected as net supporced 
by the disclosure a ors ylaedly ftlod as di.-ussed above, 


the original specification doses not ‘comprehend the claiaed 


ne ee RTO a eR eZ TS OHS © 


1, rumen tome) eeeremenedowmenneere= on 


if 


Serial Ho, 186,617 
“‘Aioitations relative to valding uithout reliands upon | 
heat conduction or regulation of the beaa dutsnaldty 


6O 46 to produce work ponetration, 


Ap pee tan Sp oe aetna stent 


5.- Cléius 13 aid 14 are ra jected 43 unipalentabis 
Over Schnsidsr, lie reference disolosss bonding of 


two elenenta through the Olained steps of Focusing & 


we eee rn een 


ae ‘bean of charged pavticles cn tha fuaioa wens With 
“:pesultant fusion and banding. It aceus only clvious 
that the beam of the referee Lust be regulated in 
BLAS Ganner ad brosdly clainsd, Yo 6fleot velative 
“povenent between the bsaa and work aa in claia 14 io ou 
+ departura in design and choise only and LSE BALE 


ths poops or the reference, It fo usted that olaia 14) of 


this application correspoids in ova to cancelled Glata 


ewer eet > 


8 in the patent file, Claia 8 usa finally resected as 

“unpatentable over Schnoidsr, Applicant oancelled clait => 
8, thersty aoquicssing with the vejsation, 
6. °. | Claiu’l atands previously allousd, 

Wilke : Tha re Jeotion vf vlaics 2 to 14 ta nade PIAL 


~—_ 
T 


in nooordances with Rule 113, 


Pe ee ee te ey 


‘ 


Wn te tr KE WE A gate A? (- 
Exnafney. 
JvEruhs neh 


\ Tn 
vv) Wie 


a Twelve clains were accordingly presented in tha present 


application before the Board of Appeals. Claim 1 is, of 


course, the claim of the priciral Stohr anhen ‘Claios 2-S are 
patterned after clain 1 o£ the Stohr patcut, eeininacinigian 
unnecessary limitation in the Stohr patent claim. These clai-: 

; will ba discuased in ae detail later in this bricé. 

Claims 6-12 in this application are Sane ths sane 
‘as claims 2,.4, 5, 6, 12, 12 and 13 of the parent reissue 
S iicocconminat in each. claim there has been inserted hy 

: amendment, a vital Vinitation, “in a vacuun". 

. The Exausiner in the present application, paper No, a, 
made of resoxaichs patent to Schneider, Mo, 2,778,926, iosuci 
January 22, 1957, and a Bullctin Metre “Bleclron beaa 

| Welding", Sciaky Bulletin No. 343, april 1961, Which Bullecas 
was issued ey the! licensee in ti. United States under the 
Stohr patent. ~ 

mee wade these two references of Yecord, the Examiner's 
Reser on the merits of Caine 2-12 consisted of a rejection, 

} Paragraph 7 of papdr to. 4, of claims 2-5 and 16-12 “as un- 
‘patentable over Schneider foc reasons fully set forth in the 
PINAL rejection and Shatnentr Answer in parent .zissuc applica- 
tion Ser. Ho, 186,617." (Le should be noted ee Esse 
presented in this application for tha first tise and vere not 
before the Examiner in the parenc Rcoliencicn and only claia 12 
of this applicaticn, which is claim 13 of the parent naphieticts: 


waa rejected on S&chncider.), 


wren ee nent maton Cn ce net a ta ET 


© 


i An effort haa been nado to defer to SSESer SOE 


| 
BAS respect to the atsclosure and claina by Det sare nanentap 


‘uithout departing Erow L applicsat'e 6 position that the xeissus wot 
Y | 
. | 


“the patent ig in onder SS necessary and that the clailus 


‘presented are 5 eas hy the disclosure and are rightly 
ti be i 


‘applicant! Fs invention. , ee 


. this application is noM in ‘ condition for allowance, 


\ 


dat sees ekguets ee ene 


Any doubt has besa resolved Suess retaining any portion: 
of the reissue text that ia not found, ox clear to ons skilled 
Hy ° 

.;in the art, in the original aisclosure. fhe original) disclosure 


' 


neem tee 


’ of courses, the drawings, specification and original cla ina. 


io. With the SEES of oS controversial matcers, as 
“explained below, the merits of sey Cran should be Feces ensidsied, 
. | 


4 . ., Claims 1 to 13 are now in the case. os! 
\ 
t 


- ’ 


a Claim 1 is continued aa ‘alloved. ait ie 

1 oF | 
hoy | d 4 
. The final rejection oF clains 2 to (12 is COME y, that they 
‘are not (eopportede on the original aisclosuré, 


hoe 


. re - : 
u ’ 
a 


‘position Laee it is unpatentable ‘Over Schneider. 


| 
The final rejection of claim 13 rests solely on Bxanines’ 
hs ad 
| 


a ¢ Shape ots oreo to traverse the rejection of Crete 2 to 12, ic 
will be necessary first to review Examiner's objections to the 


. ‘ 


-apect fication, 


In paragraph Shao vf the Office action, the explanatory 


| 
“packyrouind material ‘of tha Specification has b-ca atsended bo 


nee “usually” to qualify the Leveled edges At ae woss 


‘Mowever, it is not Likely that one would atlenpt =) ee Llc inch 


Ee coraal vith an “electric are or eae) (4 steatecses” , 


3 a 


' Examiner is uavarranted in requiting the cancellation 


pe Aon0e nr erent eee e nee CET TS me 
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New Developments in 
Electron Beam 
Welding Machines : 


begin with early work in France 
and call for an understanding 
of beam current relationships 
as well as process potentials 


BY J. L. SOLOMON 


Bysctron beam welding tao a new fuslon woldhay 
process, which is sulted for dhe welding of refractory 
materials suchas tungsten, molybdenum, colunbium 
and tantalum. It is likewise suited for highly reac- 


tive metals such as titanium, beryllium and zir- - 
conium as well as vacuum melted alloys such as 


René 41. 

The process is essentially one in which a beam of 
high velocity electrons is directed to a joint between 
pieces of materials to be fused. ‘The electrons, upon 
striking the surface of the materials, give up most of 
their kinetic energy in the form of heat, thus melting 
the material locally. It appears that any weldablo 
metal or alloy, or combination of materials, as well 
as possibly some ceramics, can be fused by means 
of this process. 


Early Work in France” 


“Inasmuch as a vacuum in the order of 1 x 10~‘ 
mm of mercury is utilized, the process js carried out 
in an atmosphere almost free of contamination. 
Therofore, the welded joints are extremely clean and 
freo of absorbed gases. Dr. J. A. Stohr of the 
French Atomic Energy Commission first publicly 
disclosed this process at the Technical. Symposium 
on Fuel Elements, which was held in Paris on Nov. 
23, 1957. He presented the results of studies on 
electron beam welding which had been started at the 
ee ee 


Pauper presented at the AWS 42nd Annual Meeting held in Now York, 
N. Y., during Apr. 17-21, 1961. 
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From France—the first oloctron beam welding unlt 


Hroneh Atomta nergy Comitsston at Haelay dn 
1954. . 


Apparatus 

The first apparatus used at the French Atomic 
Energy Commission for electron beam welding is 
shown in the lead photograph. It was simply 
composed of a glass vessel, a small vacuum pumping 
unit, an electron gun of the type normally used in 
X-ray tubes, and a motor clock for rotating the 
piece to be welded. At the time, Dr. Stohr sought 
to weld fuel elements with the following character- 
istics: 

1. There would be no gases in the gap between 

~ the fuel and the can, in the case of mechanical 
elements, i.e., fuel elements where the can is 
applied by hydrostatic or thermo-pneumatic 
machines. 

2. The welds would have greater depth of pene- 
tration. 

3. There would be less heating of the fuel element 
during the welding process. 

4. The fuel elemonts would have closer tolerances 
between the fuel and the can, avoiding surface 
contamination of tho fuel and improving the 
heat transfer from the fuel to the can. 


Comparison to Gas 
Tungsten-Arc Welding 

In order to determine whether this new electron 
beam welding process would have any advantage 
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Fig. 1—Schematic of electron beam gun 
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Fig. 2—Graph (gun design) 


over gas tungsten-are -velding, a comparison was 


made between * 
compris*- = 
no pe 


{ fuel elements, each set 
‘One set was welded with 
nd the second sct was 


esults showed: 
‘elded by the gas tung- 


tie 
sten-are process—no leaks on the set welded by 
the electron beam, all scts being tested by 
helium mass spectrometer. | 
The temperature rise on the gart of the fucl 
element which was in close proximity to the 
welded section was much inl in the electron 
beam welded parts than on the gas tungsten- 
are welded clements. 1 

. The depth of penetration ipereased about 
three times with the electron heam welding, as 
compared to tungaton are secttie’ 

. An hngpocton of tho B13 fuel Glomenta welded 
by cloctron beam showed no trace of oxidation, 
The uranium surfaco was practically clean. 
The same fuel elements welded by gas tungsten- 
arc showed an uranium oxidized surface due to 
air contamination. As a result of this test, all 
welding of EL3 fuel clements was performed 

on the electron beam welding machines. 

Development in the United States 

In the United States, electron beam welding units 
were constructed, using, as a source of electrons, 


_ asimplo work-focused gun of the Xray type, similar 


to thoso used in France. (A work-focused gun is 
one in which the gun is the cathodd, the work is the 
anode, and the workpieco and gun are combined 
to form tho electrostatic lens.) Although this type 
of gun was very useful in many applications, it had 


several limitations: 


1. The electron optics of such a jsystem could not 
focus an electron beam to very high specific 
energy. 

The electron beam current depended upon the 
position of the gun with respect to the work. 

. The close proximity of the filament to the work 
caused arcing whenever attempts were mide to 
weld material which vaporizes easily. 

4. Guns of this type produced) welds which are 
rather wide as compared to their depth. 


Very early, development was tarted on a yun 
which would overcome the above | imitations. ‘This 
work resulted in an electron beam gun which could: 
produce an electron beam of very high specific beam 
energy operating at an accelerating potential of 


her of the high- 


- 30,000 v and which overcame the Sher of the of all 


previously developed guns, whe 
voltage or low-voltage type. | 
Figure 1 illustrates the essential parts of a gun of 


this type by which welds have on made in Various 


metals ranging in thickness fron 0.0005 to 27. in. 
with a depth to width ratio as high as22:1. The gun. 
consists essentially of an extremely etlivient cathode, 
tho design of which is based upon the work of De. 
J. R. Pierce of the Bell Telephony Tatburatories, and 
of a magnetic focusing arrangement for focusing 
the electron beam to the desired intensity at the work 
surface. The housing of the gun, which ix at xround 
potential, ¢arries the anode elect rode. “he cathode 
electrode, filament, and filamen{ support are xcp- 
arated from the housing by conunic insulaton of 


} 


cient size to withstand the maximum operating 
pltage of the gun. 


. 


Control of Design Factors 


The beam of electrons emitted from the filament _ 


of the unit in Fig. 1 is operated in the space-charge 
limited region so that changes in filament, tempera- 
ture do not affect the total beam current. The 
cathode and anode electrodes are shaped so as to 
produce the ficld conditions between anode and 
cathode necessary to direct the beam of electrons to a 
conical shape with the apex at some point in the field- 
frée space outside the anode. A small hole in the 
anode allows the electrons to pass through into the 
field-free space. The beam reaches a’ minimum 
diameter at some point beyond the anode and then 
expands due to the mutual repulsion between the 
electrons. The beam is allowed to expand to a 
definite size and is then put under the influence 
of a magnetic field parallel to the desired direction 
of the beam. 

Electrons, which are moving parallel to this 
magnetic ficld, will not be influenced. Electrons, 
which have a component in the radial direction, 
i.c., ina plane at right angles to the axis of the gun 
are then given a rotary motion by tho magnetic 
field through which they travel; Chey will be dlrectod 
toward the axis at somo point boyond this magnetic 
Iens. In this way the electron beam is then re- 
focused to the desired position on the work. 

In designing guns of this type, Richardson’s 
€quation allows one to determine the size of an 
emitter required for a desired total beam current. 
This equation is: 

6 


j= AT 


in which J, is the saturation current density, T 
is the temperature, A and 6 are constants which 
depend on the material. 

-The Childs-Langmuir equation gives a relation- 
ship between the current flow and the voltage be- 
tween two electrodes. ‘This equation is: 

I = Ky? 


in which J is the beam current density, V the ac- 
celerating voltage, and K a factor which depends 
upon the spacing between the electrodes and the 
ratio, e/m (the charge and mass of an electron). 
For the Pierce gun using spherical electrodes where 
R; is the radius of the anode and FR, is the radius of 
the cathode, and @ the half angle of the desired 
conical beam of electrons, the coefficient K of the 
Ghilds-Langmuir equation becomes: ' 
: K = K Bint sin? no? 
where a isa function of the ratio of R./R.. | 
The relationship between beam current, accelerat- 
ing voltage and K factor is shown in Fig. 2. The 
graph indicates how the proportionality factor K 
will change for a series of guns having different 
beam currents at a potential of 30,000 v. It also 
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shows, for example, that at 30,000 v, for 2 50 ma 
output, the gun should have a°K factor of 107% 
For 250 ma, the gun would have a K factor of 5 
Furthermore, a gun having a maximum 
current output of 250 ma at 30,000 v would deliver 
200 ma at 25,850 v, 150 ma at 21,350 v, 100 ma at 
16,300 v. . A gun designed for a maximum current 
of 100 ma at 30,000 volts, would deliver approx- 
imately 50 ma. at 20,000 v. 

Ono method of changing the K factor would be to 
change the spacing between anode and cathode which 
affects the ratio: R-/R,a and the angle 0. By a 
simple spacer arrangement, the optical system of the 
gun was optimized throughout a wide range of output 
power without sacrificing specific beam energy. 
The result was actually the production of 5 guns 
in one with current ranges from 0-250, 150, 100, 50 
and 25 ma at a maximum accelerating potential 
of 30,000 v. 


Present Equipment 


Machino Requirements 
Whereas in France most of the work done with 
electron beam equipment has been in the welding 
of fuol cle:znents for the Atomic Energy Industry, 
in the Uniled States many welding problema pre- 
sonlod thomiuelves which require the welding af heavy 
gages of aluminum, stainiess steels and refractory 
metals. Over and above the requirements for a gun 
having a high power density so that reasonably nar- 
row welds could be produced, it was early recognized 
in the United States that in order for a first genera- 
tion electron beam welding machine to be practical, 
the following requirements would have to be met: 


1. The machine must be capable of handling 
reasonably sized parts from 1 to 2 ft long, and 
cylinders or spheres up to 1'/ ft in diam. 

2. It was necessary that the gun not be in a fixed 


--position outside the chamber but that it be © 


mounted, immersed in the atmosphere of the 

_ chamber and free to move within the chamber, 
either during the welding operation or prior 
to the welding operation. 

The pumping equipment must be of sufficient 
size to allow the chamber to be pumped down 
within a matter of minutes. 

. The shape of the chamber must be such that 
the space within the chamber is uscd most 
efficiently. 

The inside of the chamber must be easily and 
readily accessible to the operator from the 

- outside so that parts can be rapidly introduced 
and removed from the vacuum chamber. 

. ‘The machine must be as automatic as practical. 
The controls must be as accessible to the op- 
erator as possible. 

. The operator must have a clear view of the 
work going on within the chamber. 


A machine which satisfied these requirements is 
illustrated in Fig. 3. The chamber of this machine is 


> 


ie 


Fiz. 3—Presont electron beam welding unit 


rectangular in cross section with dimensions 20 
x 30 x 48 in. long. Three access doors were pro- 
vided. ‘Two of the doors have 10 in. diam windows, 
the front door and port being 18 in. in diam. A 
carriage, which runs on a stainless stecl V-shaped 
track on ball-bearing V-grooved wheels, is provided 
for mounting ihe work fixture and moving the 
work within the chamber. This carriago is drivon 


Fig 4—Gun Inside of chamber 
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by a rack mounted on the carriage from 2 gear 
mounted on a shaft passing from the inside of the 
chunber to the outside of the chamber through a 
vacuum real. The feod-through for the shaft in 
dosignad with double O-ring wenkd and it pumped 
out. balwvoon ©-rings in order Lo rompve any alr which 
may ontor the space between the two O-rings. The 
shaft is driven through a gear reducer by a de motor 
controlled by a feedback regulated d-c motor control 


which allows a maximum linear specd of 100 ipm, 


with the shaft rotating at 16 rpm. | Inasmuch as this 


regulator incorporates a tachometer feedback, the 
speed of the carriage is displayed by ameter. 
Manipulators | 

Two styles of gun manipulators were designed: 
the first allows the rotation of the gun from one side 
of the chamber to the other and allows a vertical 
motion of 5 in. This gun manipulator utilized 
a unique gear arrangement to give the desired motion 
to the shaft. (This arrangement) incidentally was 
inspired by a cork puller imported from Italy.) 
The second one, illustrated in Fig. 4, allows the hori- 
zontal motion of the gun across|the chamber, by 
means of an accurately made cartiage driven by a 
ball scrow, and allows a vertical motion of Gin. 
Powor Supply 

Power supply cquipment used with this unit 
consists of a high-voltage power supply containing 
a three-phase full-wave rectifier having an output of 
250 ma at 30,000 v. Tubes and transformers are 
immersed in special transformer) oil. ‘The trani- 
former and tubes can be Sifted out of the oil by means 
of a handcrank. he power supply also includes 
the transformer for supplying current to.the electron 
gun filament. The filament current and the output 
curront of the high-volinge power supply are fod 
to the gun through the high- jollage enble and 
special high-voltage connectors found at the top of 
the chamber and tho high-voltage power supply. 
Also included are the necessary relays and a variable 
autotransformer for adjusting the primary voltage 
of the high-voltage power supply from zero to max- 
imum line voltage. This variable transformer is 
motor-operated and controlled from the operator's 
station. ; 
Vacuum System 

The components of the vacuum system are shown 
schematically in Fig. 5. The vacuum system con- 
sists of a diffusion pump, baffle; large mechanical 
roughing pump, a small mechanical holding pump 
and suitable valves which are operated pneumati- 
cally and controlled by electro-valves. The pumping 
equipment is completely automatic in operation and 
contains safety devices to prevent damage to the 
pumps or any part of the vacuum system. If the - 
machine is to be started from complete shutdown, 
it is merely necessary to press the “start” button in 
order to initiate the sequence of events that will 
heat up the oil in the diffusion pump, turn on the 
roughing pump and holding pump, and bring the 
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Vel - High Voorn Valvo, Foppot Typo, Air-opsrated. 
We? = Roughing Valve, Gate typo, ALr-oporatad. 

Yet = Backing Valve, Gate type, Air-cporatod. = 

V-l = Holding Valvo, Poppot typo, Alr-oporated.® 
V5 = Yacuun Release Volvo, Boll-typ2, monuale 

¥-6 = Vacuun Release Valvo, Rall-typo, monusle 


&@ BMr-operated valvon ere normally elosod. | 


Fig. 5—Schematic of vacuum system 


. machine to the point where welding can proceed. 
In this sequence a time delay is provided to allow 
oil in the pump to reach its proper temperature. 
After the part to be welded is installed in tho fixture 
in the chamber, the doors are closed and tho op- 
erator throws a switch controving tho roughing and 
poppet valves. Thoautomaticsoquences toovacunto 
the chamber is then initinted; this opens up the 
roughing valve, thus allowing the roughing pump to 
rough out the chamber and bring it to a pressure of 
approximately 1004. At this point a thermocouple 
gage, which is sensing the pressure within the cham- 


ber, causes 2 switch to be thrown. This closes the ” 


roughing valve, opens the backing valve, connect- 
ing the roughing pump to the foreline of the diffusion 
pump and then, after a time delay, actuates the 
poppet valve so that the diffusion pump is now 
pumping out the atmosphere of the chamber. This 
gequence of operation is completed in about 3 min at 
which time the chamber pressure is at the level where 
“welding can proceed. 


Radiation ine 

Figure 6 is a close-up of the gun carriage but also 
shows a door detail which is quite important. The 
door is machined with a step which enters the cham- 
ber when the door is closed. There is a good reason 
for this. Aswe all know, whenever a beam of high- 
voltage electrons strikes a metal target, ‘X-rays will 
be produced. X-radiation is an ionizing radiation 
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Fig. 6—Close-up of carrlage 
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Fig. 7- X-ray spectra at different constant potentials 


and, like all ionizing radiation, presents a biological 
hazard. The amount of energy required to produce 
marked effects on tissue is extremely small. For 
example, n fatal dose i 600 roentgens rocuived over 
tho whole bady. “lo give ono a fooling an to the 
unmount of radiation produced by an electron berm 
at 60,000 v and with a tungsten target, the dosage 
at one meter distance is 0.01 roentgens/ma/sec. 

- If.we consider an electron gun operating at 1 kw, 
this dosage, using a 60,000 v potential, would be 
1.67 roentgens/scc; if this total radiation is im- 
pinged upon the body, there would be considerable 
destruction of the tissue. It is necessary, therefore, 
to absorb this radiation in some manner and, for- 
tunately for voltages around 30,000 v, this energy 
can be absorbed very easily. This energy is ab- 
sorbed by the chamber walls themselves. The 
efficiency of X-ray production is equal to 1.1 x 
10-* ZV where Z is the atomic number and V is the 
voltage. The total X-ray energy will then be this 
efficiency times the power. Since the power is equal 
to VI, we sec that the total X-ray energy varies as the 
square of the applied voltage and the first power of 
the current. 

A second factor that must be taken into considera- 
tion is the frequency of the X-radiation. The equa- 
tion: 

hy © eV 
where » is the frequency of radiation, & is Planck’s 
constant and eV is the electron energy, indicates 
that the frequency of the resulting radiation increases 
as the voltage increases. Studica of X-radiation 
have been made over the years, and it has been found 
that the frequency of radintion is not fixed, but at 


any particular voltage there ig what is|called:a con- 
tinuous rediation, which starts at some definite 
minimum wave length, and increascs in intensity 
as wave length decreases and then drops off slowly. 
Superimposed on the continuous spectrum are two 
spikes which are part of the sharp line spectrum 
characteristic of the element. 

Figure 7 shows the continuous spectrum of X- 
radiation at various voltages from a tungsten target. 
We see here, over the range of 20-50,000 v, how the 
intensity and the wave length of the radiation vary. 
In general, the higher the voltage, the greater the - 
intensity and the shorter the wave length of the 
emitted radiation—and the shorter the wave length 
at which the spectrum peaks. 

Studies have been made on the attenuation of the 
X-radiation in passing through matter and it has 
been found that the absorption follows the law: 
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Fig. 8—Cross section of weld in. 0.020-0.035 in thick beryllium — 
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Fig. 9—Cross section of welds In "/+in. thick Type 304 slain- 
{oss stool mado at 34 Ipm, 30 kv and 2760 mia 


ZI = Igeot 


where x is the thickness of absorbing material, p 
is the mass absorption coefficient. The rnass ab- 
sorption coefficient is a function of the wave length 
of the X-ray and the atomic weight of the material. 
Ie is the X-ray flux on one side of the, absorbing 
material, and J is the flux at the far side. If we 
rewrite this equation in order to solve for the thick- 
ness of shield necessary to produce a certain attenua- 
tion of the flux from one side of the shield to the 
other, we find that: _¢ 


2.3 To 
a lox, 


| 
If we make a simple calculation to compare the 


shielding requirements for X-rays, produced at 25 kv- 


against X-rays produced at 150 kv, for the same 
power and distance, and using stainless steel] as the 
absorbing material, we will find that the shield thick- 
ness required at the higher voltage is 1700 times that 
required at the low voltage. On the other hand, for 
a given voltage, an increase of current by a factor of 
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Fig. 10—Weld in 5 in. thick aluminum—made by making a 23/; In. deep 
pass from each side of base metal at 15 ipm, 30 kv and §00 ma 
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Fig. 11—Cross section of tee weld in 0.040 in. 
molybdenum made at 28.5 to 32 ipm 
with 24.5 kv and 180 ma 
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10 (i.c., a tenfold increase in power) results in an 
increase of 10 in the flux. ‘The mass absorption 
coefficient does not change. Therefore, in the worst 
case of an attenuation of only 10 initially, the new 
shiclding will only double. For the attcnuations 
that are required (say, 10°), the thickness of absorb- 
ing material does not change appreciably. ‘This 
shows how important the shielding problem becomes 
when high voltages are used and why high voltages 
should not be used to accomplish what can be done 
with a lower voltage. By designing electron guns 
with a good figure of merit, high-power densities 
may be achieved at lower voltages so that. no sacrifice 
may be mado in the value of depth to width ratio 
in the resulting wold. 

Although the material used in constructing the 
vacuum chamber is itself adequate to absorb the 
X-radiation, the O-rings, while constituting a good 
seal against air, are nevertheless, ineffective against 
X-rays; therefore, doors and ports and, in general, 
any areas where O-ring seals are used, should be 
provided with a tongue and groove joint to produce 
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Fig. 12—Bellows diaphragm of 0.004 in. 
60 Cu-20 Ni-20 Mn. Welded at 100 imp with 
18kvand$ma 


Fig. 13—Aluminum hemispheres—'/is in. thick 
and 15/4 in. OD. Welded at 65 ipm with 15 kv and 30 ma 


a barrier to X-rays which would otherwise pass 
through the small space between the door and the 
flange of the chamber. In addition to the thickness 
of the chamber and the X-ray obstruction in door 
design, leaded glass is provided at the viewing ports 
to further absorb radiation which might leak through 
this area. Tests made with a Geiger counter at all 
points of the machine showed no increase in intensity 
over the base radiation which is always present in 


the atmosphere due to cosmic radiation, fall-out - 


and the like. 


Applications . 

With the electron beam welding machine de- 
scribed above, a varicty of welds have been made. 
A number of these welds are shown in Figs. 8 to 15. 
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Fig. 14—Cylinder of 0.005!in. thick tanta- 
tum —1*/, in. long and * in. OD 


Figure 16 shows a special clamp used to position the 
gun at an angle for welding the partd shown in Fig. 
15. able 1 illustrates typical weld settings for 
various matcrials and thicknesses. 

Although at first it was generally believed that 
electron beam welding was akin to gas tungsten-arc 
welding, it was found that the phenomena are differ- 
ent. In arc welding, the heat is produced with low 
specific energy at a point and is conducted to the 
material as indicated in the upper portion of Fig. 17, 
which shows the isothermal lines in a typical gas 
tungsten-arc application. On the other hand, ¢x- 
periments with the new clectron beam welding 
machine have revealed that there is a threshold level 
of specific beam energy below which the normal laws 
of heat transfer are fulfilled and the weld is at Icast 
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Tablo 1—Typical Electron Beam Wold Settings 


Material 


Accelerating Beam Welding. 
‘voltage, current, speed, 


Type Thickness, In. Weld configuration Ene, kv ma . ipm 


Tantalum 0.0005 -+ 0.0005 


Chase No. 720, 60% Cu, 20% Ni, 0.004 -+ 0.004 
20% Mn - 


Overlap 5 11.5 30 
Edge 100 


Tantalum 0.005++0.005 Longitudinal cylinder seam, 0.030 3 


In. flanges 


Beryllium 0.020-++ 0.035 Circumferential tube to end cap, } : 20 


: . 0.500 in. 
Titanium V120-VCA 0.030 -+ 0.030 
Inconel! X 0.030 + 0.030 
Molybdenum 13% Ti 0.030 -+ 0.030 
Molybdenum 12% Ti All 0.040 
Zircaloy 0.025 + 0.100 
Columbium 0.104 - 0.104 
Zircaloy 0.150-+ 0.150 
Titanium 6 Al-4V 0.1914 0.191 
Type 304 stainless steel 0.375 + 0.375 
4340 steel 0.500 + 0.560 
Type 304 stainless steel 0.500 + 0.500 
Aluminum 7075-16 0.500 -+ 0.500 
Aluminum 7075-T6 1+1 
Aluminum 5086 1.75 -+- 1.75 
Aluminum 2.75 + 2.75 


diam 

Square butt 
Square butt 
Square butt 

“T" joint 
Edge 

Square butt 
Square butt 
Squaro butt 
Square butt 
Square butt 
Square butt 
Square butt 
Square butt 
Square butt 
Square Butt 
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Woldod as follows: 
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A. AF-71-s.3. 

B, Toncton s.s. 
Cc. Molybdonum, 
D. Tenclon s.s. 
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Fig. 16—Gun on its side at 30 deg for 
welding of tubes in Fig. 15 


as wide as it is deep. Above this threshold, value 
energy is imparted to the work at a substantially 
higher rate than it can be conducted away from the 
electron beam impact zone; narrow, deep welds 
result. The process is analogous to one in which 
a hot wire is drawn through a plastic plate. As the 
wire is moved, it cuts the plastic plate but the plastic 
plate immediately reseals itself behind the hot wire. 


Conclusion 


This paper has described some of the work and 
advances made in this art in recent years. In the 
future, larger chambers will be manufactured to weld 
large parts; possibly, the chambers will have to be 
large enough to accommodate 2 man working-inside. 
The machine described above has provisions for 
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Fig. 17—Isothermat lines 


adapting numerical control to electron beam weld- 
ing; it incorporates a very sensitive positioning 
mechanism and a position sensing apparatus. The 
use of numerical control will permit the automatic 
welding of complex aerospace structures. Welding 
of certain materials has indicated the desirability 
of the addition of a wire-feed mechanisn: in order 
to avoid undercutting of the material that is welded, 
Work is going on at the moment toward the design 
of small wire-feed mechanisms which will operate 
within the chamber. This is a new tool, and there 
is still much to be learned in order that the best use 
may be made of electron beam welding. No doubt 
the future will bring many new applications where 
welding by electron beam shows great advantages 
over other methods of joining. * - 
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INTRODUCTION 


This brochure is intended to oid in the so- 
phisticoted sclection of electron beam 
welding*equipment. Some elements of com- 
porison moy often be overlooked due to over- 
emphasis of some one individual feature; 
therefore, it must be kept in mind that an. 
electron beam welding machine is a tool 
made up of many integrated features, oll of 
which ore important to the proper functioning 
of that tool. 


The relative importance of the elements 
of comporison is derived from the inherent 
requirements of the process. These elements 
ore listed in the order of relative 
importonce: 


1. Welding Capacity.’ This must be de- 
fined in terms of ability to penctrate - 
Aluminum, stainless steel, and 
tungsten. 


Welding Range. The ratio of thinnest 
material to the heaviest material that 
the equipment con weld. 


Functional Weld Width. In terms of 
widths of welds produced in the thin- 
nest motericl and in the heaviest 
material within the range. 


Consideration must be given also to 
the widest weld that can be produced 
by a given type of equipment ax thore 
ore many opplications which require 
that the melt arco be as large as pos- 
sible to provide sufficient cross sec- 
tional arco for specific joint loadings, 
¢.g., loading in tension or in sheor, 


This consideration is more important 
thon o theoretical statement doscrib- 
ing beam diameter, as it is indicative 
of the practical use of the electron 
beam for production welding. 

Welding Speed. A high rate of welding 
speed means - the most efficient use 
of the welding energy of the electron 
beom...o lesser amount of heat input 
ond consequently smaller heat of- 
fected zone...ond o greoter produc- 
tion rate. 

Mobility of the Gun. Electron beam 
welding, os other forms of welding, 
requires thot welds be made out of 
position, i.e., horizontal, vertical, 


| 
*A method of welding originally conceived and developed by Or. J. A. Stohr of the Atomic Energy Cori~ ** 


overhead; as well as downhand. For 
this reason it is necessary that the 
gun move and be capable of placement 
in any angular position. | 

Beam Power. -The total beam power 
(os well as specific power) will de- 
termine the versatility of |the equip- 
ment os applied to a! varicty of 
welding applications. 

Motor Controls. The consistency of 
welding penetration is profoundly in- 
fluenced by any voriations| in welding 
speed duc to line voltage |chonges or 
changes in locding due to |part eccen- 
tricity or friction. | 
Therefore, motor controls! which ore 
regulated to correct for voltage 
changes or loading chonges ond moin- 
tain +19 of the set speed ore required. 


Further, as the electron béam process 
is inherently an automatic process, 
the equipment user must give consid 
eration to the future possibility of 
odding o numericol contrgl to prede- 
termine the welding motion. Therefore, 
the motor controls must [function as 
velocity servos or as position servos 
with no loss of torque throughout the 
spood tango, even wien passong 
through zero sped during! reversal of 
welding direction. — i 


Mechanica! System. Due to the ex- 
treme smallness of the electron beom, 
consideration must be given to the 
problem of maintaining the focal spet 
precisely centered on the joint. Ri- 
gidity and freedom from backlash is > 
requirement of the Seta system 
of any electron beam welding focility 
particularly when automatic presto: 
ming is used. The programming con: 
trol defines only a path in spoce 

the mechanical system must re! 

couse the electron beam! gun ¢ 

work to follow the path. 
tween the desired path ont 
path will be o function o 
of bocklash in the system! 
mechanisms using precisi 
ond screws and closely coppice? * 4% 


motors which minimize sePr fee. 


are. o necessity for accurate tracking 
of o weld poth. 


Direct Reading Adjusting Devices. 
The diols which both adjust ond in- 
dicate the welding porameters, i.¢., 
welding speed, accelerating voltoge, 
focusing current, etc., must be direct 
reading within :1% to correctly indi- 
cote the setting of the specific func- 
tion ond to eliminate the need of 
reading remote meters. It is! not 
enough thot o digitol readout device 
be provided. The servo linking the 
control dial and the device being 
controlled must assure a lincor cor- 
respondence of 21% between the dial 
reading ond controlicd porameter. This 
is accomplished by the Zero-Error 
Sciakydyne Servo System. 
Prosetting of Accelerating Voltago. 
It is o necessary requirement, pecul- 
ior to the regulation charactoristics of 
high voltage power supplies, that the 
operator af the equipment be provided 
with o means of presetting occuratoly 
the desired welding voltage before 
turning on the electron beam. It iso 
further necessity thot the high voltage 
power supply be equipped with line 
voltoge regulation and lood regulation 
in order to accomplish the presetting 
of the occelerating voltage. 
Vocuym Chomber Construction. The 
chomber must be made of sufficiently 
heovy material (114"") ond heavily 
ribbed to withstond atmospheric 
pressure without distorting and dis- 
placing interno! tooling. The inside of 
the chomber should be well polished 
to ot least @ 40 microinch finish in 
_order to facilitate cleaning of the 
~ chamber ond to minimize the entrop- 
ment of gasses on the surface. 


Vocuum Pumping Equipment and 
Instrumentotion. The pumping equip- 
ment must be sized big enough ond 
fast enough to adequately pump the 
chomber fond future extensions), ond 
be designed for minimum impedence to 
gos flow. A woter cooled, optically 
dense boffle should be ploced between 


the diffusion pump ond the chamber to ; 


prevent oil vapor from entering the 
chamber and to prevent metal vapors 
from the chamber from contaminating 
the pumping oil. 

The sequencing of the vacuum 
system should be automatic for safety 
and simplicity, consistent with the 
use of the equipment by production 
operators. 


Beam Projection. The electron beom 
can be projected (brought to focus) 
15" or moro from the face of the gun. 
A 30 KW Sciaky electron beam gun 
will penetrate 100% through 2.00" 
thick stainless steel at this distance 
and moke a melted zone (weld) only 
.095"" wide. 

Boum Doflection. Displacement af the 
beam by electromaynetic means will 
Impart to the beam a sine wave, suw 


_ tooth, circular, or other modified wave 


pattern of motion. The total amplitude 
of the heam displacement by a deflec- 
tion system ix celuted inversely to the 
accelerating voltage of the beam. 
Therefore, a low voltage electron 
beam may be deflected up to 2.00’ on 
a plane of impingement 12"” from the 
gun. 


Safety. The equipment should be 
shielded in a foolproof manner by step 
and groove flanges so thot no leakage 
of X-ray radiation around the chamber 
doors and windows occur. Over-all 
shielding (below 60 KV) is achieved 
by the thickness of the 114’? chamber 
moterial alone. 


Service. All electronic equipment re- 
quires service during its life. A wide- 
ly experienced stoff of service 
technicians ore available to return ex- 
pensive equipment to service in o 
minimum of time. Sciaky service tech- 
nicions ore located strategically 
throughout the United States, all of 
whom cro experienced in the servicing 
of electronically controlled welding 
equipment of all types, and are fully 
acquainted with the art and science 
of welding. 
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rYPICAL SCIAKY ELECTRON BEAM 
WELDING MACHINES AND COMPONENTS 


Contents 

. Representative Mode! 50" x 30" x 42”" : 
-B. Special Application Model VX 68"' x 46"’ x 68"” 
-C. Special Application Model VX 84"' x 36"" x 66” 

. Speciol Application Model VX 108” x 62"'x 92” 

. Sciaky Electron Beam Gun : 

. Scioky Electron Beam Gun Power Supply 

. Control Station SS 


Fig. 1-A - Hopresentative Se iihy 

election beam welding machen 

With inside chamber dimensiens «tf 

50" length, 30’ width, and 42” 

height, it is ideally suited for either 

research or production opplicctions. 
: | 
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Fig. 1-B — Larger capacity ¢lectron 
welding facility measuring! 68” x 
46"" x 68" increases applicotion 
capobility. 
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“Y"* motion work table 
moves on the “’X”* and ““Z"" 
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Lewis Reseorch 
Contin- 
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Cleveland, Ohio. 
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Fig. 1-E - Typical elements of an electron beom gun. Ac- 
celerating voltage is potential difference between cothode 
and anode. By changing the current in the focusing coils, 
size of beam spot can be controlled. 


Fig. 1-F - Sciaky electron beam 
power supply available with power 
ratings of 7.9, 15, or 30 KW. 
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Fig. 1-G — Welding process control. 
A similar portable control stotion 
is featured on all Scioky E-B 
welders. The shutter controls for 
the optional viewing system ore 
mounted to the left. Note the use of 
direct read-out dials. 
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7ECiAL CHAMBER DESIGN AND EXTENSION PROVISION 


Contents 


Fig. 2-A — Methods of expending chamber size - 
Fig. 2-B — Chamber extensions 


Extension 


Fig. 2-A — Methods of expanding the size of o basic chomber 

At (1) original chamber is enlarged by removing end doors and adding extensions 
to increase length and volume. At (2), the original chomber size is enlarged by 
removing front opening door and adding a transition section to increase the width. 


Fig. 2-B — Chamber extensions,| each 12 feet long, are attached to the Sciaky 
electron beam welder. They are mode of aluminum tubing and are in sections so 
that length can be tailored to requirement. These are evacuated with the original 
pumping system along with the main vacuum chomber. Letgthy ond smoll tapered 
tubes of dual wall thickness ore welded this woy. Photo, courtesy Solar Engi- 
neering ond Research Loboratories, Son Diego, Californio. 
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pICAL VACUUH PUMPING SYSTEMS 


Contents 


Fig. 3-A — Avtomotically sequenced pumping system 
Fig. 3-B — Typicol diffusion pump and water cooled baffle 
Fig. 3-C - (1) Typical roughing pump separately mounted 

(2) Representative diffusion pumps 
Fig. 3-D — A vocuum control console 
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vacuum 

Vacuum CHAMBER 
Chomber pa z 

S— WATER COOLED 


Baffle OPTICALLY —24". 
V-6' et() S-5 DENSE BAFFLE 


Diffusion 
Pump -—+ 


a HEALER 

V:5. 
Fig. 3-A - Typical Sciaky vacuum pumping system for electron beam welder. All 
gir-operated valves ore normally closed. 


Fig. 3-B - Electron beam vacuum 

pumping system shows the high, . gar nIe SAEE 

vacuum diffusion pump, water terre e 

cooled baffle, poppet valve housing, 
_ cir actuated valves, holding pump, 

ond roughing pump. 
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Fig. 3-D ~ A control console for electron beo™ 
Vacuum system controls in the bottom sectis® 


. o> ~ . 
on automatic pumping sequence nd voc uy™ iy 


(Meters in the upper section indicote elects a- 


Fd Fak Bea neem 7S settings). 
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Fig. 3-C — (1) The roughing pump mounted independently ot the rear of the mo- 


chine, minimizes vibrotion. Note accessible service connections. Roughing pumps 

available: 140 cfm, 300 cfm, ond 600 cfm. ; 

(2) Vorious sizes of diffusion pumps orc avoilable. Shown above (left to right): 

20°’, 18,000 liters per socond (LPS); 16”, 10,000 LPS; and a 10’’, 4,100 LPS. 

Diffusion pump sized is"bosed upon chamber size and required high vacuum pump- 
ing speed. Roughing ond diffusion pump combinations -- 600 CFM/18,000 LPS; 
300 CFM/10,000 L.PS; 140 CFM/4,100 LPS. : 
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Section 4 MODES OF GUN 


Contents 
Fig. 4-A — Tronsverse 
Fig. 4-B — Longitudinal 
Fig. 4-C ~ Circulor 
Fig. 4-D — Vertical 
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Fig. 4-A ~ Transverse (“Y" axis) 
electron beam guni travel mecho- 
nism. Gun traverses, 22" across 
this 50’’ x 30°’ x 42" ichomber. Gun 
may also be moved vertically fen 
axis). | 


euepieruactetienes Fametyositerse reamed ~ Fig. 4-B engined (°X" asia) 

erent gun travel mec hanism, High voltage 
continuity is maintained by brushes 
on the gun carriage $liding on two 
contect bors. This method allows 
long welds to be mode without in- 
creasing the chamber|size. Shown 
is 0 68''x 46" x 68"’ chamber. A 40 
micro-inch polished finish reduces 


pumping ond cleaning time. 
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lar gun travel about 
Circular welds can 
Oxis. 


be made without necessitating 


rototion of the weldment. 
he Coys 


Cirev 


the ‘'Z"’ axis. 
4-D — Gun welds vertically, 


Fig. 4-C - 
up or down ont 


Fig. 


yT-OF-POSITION ELECTRON BEAM WELDING 


Contents 


Fig. 5-A — Gun at angle, work rotating around the ‘'Z’’ axis 

Fig. 5-B — Gun vertical, work rotating around the “'Z”" axis 

Fig. 5-C — Gun horizontal, work rotating and indexing around the “Z"" axis 
* Fig. 5-D — Gun horizontal, work rotating around the ‘'Y”’ axis 


Fig. 5-E — Work stationary, gun rotating around ‘'Z'’ axis 
Note — Work stationary, gun welding around ‘'X"' axis, see Fig. 7-B, page 


20. Work stationary, gun welding vertically-up, see Fig. 4-D, page 11. 


Fig. 5-A — The Scioky gun con weld 
et any angle or position desired, 
The work rototes cround a vertical 
oxis. 


Fig. 5-B — Electron beam welding 
of large circular components with 
gun in vertical position and weld- 
ments rotated bencoth, 
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Fig. 5-C ~ Batch looding arrange- 
ment using a diol feed fixture. This 
system is used in production to 
weld end caps to tubes for o criti- 
col nuclear application, The parts 
are loaded into the dial feed fixture 
outside of the chamber. After load- 
ing, the fixture is swung under the 
vocuum chamber and is hydraulical- 
ly lifted into welding position. The 
electron beam gun, horizontally 
mounted, welds the tube end. The 
tube in the welding position rotates © 
as a circumferential weld is mode. 
When the weld is completed, the 
dial feed assembly outomotically 
indexes to the next welding station 
until all of the parts have been 
welded.The first nuclear application 
involving electron beam welding 
(fobrication of fuel clements) wos 
performed by Dr. J. A. Stohr ot 
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‘sn 5, continued 


Fig. 5-D — Annular weld. Work is 
rotated while gun remains station- 
ary. Photos show inside and out- 
side views of the chamber for on 
installation of this type. The work 
is held and rotated by an externally 
mounted Sciaky WP-1 weld posi- 
tioner which is elevated so thot the 
oxis of the positioner is in line 
with the center chamber port. In this 
orrongement, it is necessory to 
maintain a tight vocuum scal at the 
chamber port while o heavy weld- 
ment is being rotated inside the 
chamber. 


Fig. 5-E — The work is held sto- 
tionary in a vertical position while 
the gun circles about the “‘Z"" oxis. 
Also note Fig. 4-D, poge 11. 
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A,AKPLES OF SCIAKY ELECTRON BEAK WELDING CAPABILITIES 


Contents 


Fig. 6-A — Electron Beam Weld Superimposed on a M.1.G. Weld 
Fig. 6-B — Weld Width Comparison (Thin - Thick) 

Fig. 6-C — Beam Size Demonstration 

Fig. 6-D — Light Alloy Heavy Plate Capability 

Fig. 6-E — Wide Weld Demonstration 

Fig. 6-F — Weld Geometry & Surface Condition Demonstration 
Fig. 6-G — Demonstration of Welding High Vopor Pressure Mctols 
Fig. 6-H — Refractory Metal Welding Demonstration . 
Fig. 6-1 — Demonstration of Long Focal Length Welding 

Fig. 6-J — Foil Gouge Welding 
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Fig. 6-A — A graphic illustration of the comparative . Fig. 6-C — 0.002”" Dio. hole drilled by electron beam 

weld widths of M.1.G. and electron beam. Material — through 0.050’’ thick, Type 303 stoinless steel, using 

500’? thick, 304 stainless steel. stondord Sciaky electron beam welder equipped with 
“Eine Beam’’ conversion. 


Fig. 6-B — Above—from o 15”” gun 
height, o butt joint in 2” thick, 
Type 302 stainless steel wos 
Sciaky electron beam welded with 
ene pass. Right— ot closer range 
Scioky welded this ‘T’’ joint of 
..030" thick magnesium, Type 
AZ31B-0. 


Javunaeen ac,| an, nee stesencnemapeeeanintemencanemenn CTS aires 


neeeroen yen meres fem ee eT I OLE OCA eR I 


an aa oceaneed 
Ot a 


‘ omar een cama a eee aon meereeeeemennen eter erence ce ee Rt ARR eT oe he Seth Son, 018) 


_ Fig. 6-J — Sciaky electron beam welds in .0015’" foil _ Fig. 6-G ~ |Demonstrotion of 
: thickness of 17-7 PH alloy (right) and (left) in 302 capobility ta weld high vapor pres- 
stainless steel of .004’’ thickness. sure motcrials, HM31A-T5 thoriated 

2 magnesium .250" thick. 
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Fig. 6-H -— Space Age refractory metals are easily welded with Sciaky electron 
beam equipment. (Left) Macro-5X ond (center) Macro-25X of Tungsten-Molybdemum 
¥%"" thick; (right) Columbium, 14" thick, Macro-11X. | 
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Fig. 6-1 — 304 stainless steel electron beam welded ot 
15"’ gun-to-work distance. ° 
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Fig. 6-D — Bead on 5", 5083 alv- 


minum plate demonstrates penetro- 
ting copobility made in one poss. 


Note the very high depth to width 


tatie and the eansistent weld zone. 
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Fig. 6-E — Electron beam is not 
limited to deep narrow welds. This 
“T" weld, which is 0.540" wide, 
was mode with o single poss on 
4130 steel, 0.375" thick. 
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Fig. 6-F ~ (Above) 304 stainless 
stee! — 1%" thick electron beam 
weld using 15’? gun-to-work dis- 
tonce. (Below) Aluminum 2219-T81 
— 2%" weld thickness electron 
beam butt weld. 
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YPICAL SCIAKY ELECTRON BEAK WELDING APPLICATIONS 


Contents 


iq. 7-A — Turbine Wheel to Shoft — Aircraft and Automotive 
ig. 7-B — Continuous Lengths of Tubing 

ig. 7-C — Cylinders, Skin to Hub 

ig. 7-D — Fin to Tubing 

ig. 7-E — Lop Welding Tubing 

ig. 7-F — Moraging Steel 

ig. 7-G — Dissimilar moterials 

ig. 7-H — High Zinc Content Aluminum 
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Fig. 7-A-1 — Girth or circumferen- 
tial electron beam welds join tur- 
bine wheels to shaft assemblies. 
(Right) To make o girth or 
circumferential weld, the part can 
be rotated about the “X"’ or ““Y” 
exes ino head and tail stock. When 
welding, the gun remains stationary, 
but con then be moved olong the 
shoft to the next seam location. In 
this’ typical production application, 
four circumferential welds ore made. 
(Above) Profile of the turbine 
shoft assembly, os viewed from the 
lorge center port of the vocuum 
chomber. Motcrial composition of 
the various components is - A-286, 
stoinless steel; 17-22A, steel; 
SAE 4130, steel; SAE 4140, steel. 
The shoft has on O.D. of 5)". 
Photos: courtesy of Continental 


Avistion and Engineering Corp., 
Toledo, Ohio. 
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‘Fig. 7-A-2 — Scicky electron beam 
welded turbine component used for a 
turbo super-chorger opplicotion for 
earth moving equipment. Wheel 
assembly is o cast configuration of 
G¥R 235 olloy, while the shoft is 
SAE 8620 steel. Photos: courtesy 
of AiReseorch Manufacturing Co., 
Division of The Gorrett Corp., Los 
i Angeles, California. 
; (Above, left) Turbine wheel to 
| shaft welded assembly ofter single 
zachining ond grinding of the jour- 
sci becring creas. 

(Above, right) Sectioned view 
cf turbine wheel to shoft welded 
tzcfiguration showing joint design 
2-4 welding conditions. 

_ (Right) Operctor viewing port 

-¢~ cf electron beam gun relotive 

*. positioning over the whee! to 
zeaficguration, 
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/, 7, continued 


| 

Fig. 7-B-1 —|Sciaky electron beam 
gun mobility mokes possible the 
welding of continuous lengths and 
closed loops of refractory metal 
tubing ot N.A.S.A., Lewis Research 
Center, Cleveland, Ohio. Outside 
view shows the tubing passing 
through vacyum seals located on 
each chambet door. 

Inside,| the tube ends butt to- 
gether ot the center of the rotating 
gun mechanism. Stotionory clectri- 
cal contacts poss welding current to 
the mobile gun, With tubing fixed, 
3609 yun refation makes a hermeti- 
cal wold of the highest purity ae 
roquired fo] aerospace nuclear 
propulsion plants. 

(Inset) Schematic represenration of 
fixturing fof end-to-end joining of 
tubing. 
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Fig. 7-C — This opplication required o series of girth 
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Fig. 7-D ~ A fin is electron beam welded to 304. 


‘lop welds to join sections of on aluminum drum rotor stainless steel tubing (.040” wall thickness) with 
two angled root weld. 


assembly. 


Electron 
Beam 


Fig. 7-E — Demonstration in narrow beam penstration, welding 
through 321 stoinless stecl tubing, 2’’0.D., and .065”" thick. 
Note uniformity in welds. This applied technique for fabric - 
ction is shown as an internal electron beam weld of a closed 


assembly. 


Fig. 7-F — %."" thick 
18% Ni moraging 
steel electron beam 
butt weld. 
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Fig. 7-G — Dissimilor metals” 
cre often joined using an elec- 
tron beam, e.g-, butt welded 
Waspolloy to Incone! 713-C, 
311" moteriol thickness. 
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Fig. 7-H — This 7000 series oluminum olloy 
is difficult to electron beam weld due to its 
high zinc content. -770" sample indicstes 
capability of Scioky gun to operote reliobly 
in this high vapor pressure conditicn. 
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SCIAKY TOOLING 
/fOR ELECTRON BEAM WELDERS 


Contents 
. Fig. 8-A — Head and tailstock assembly 
Fig. 8-B — Butt welding clamping fixture 
, Fig. 8-C — Wire feed unit 
i " Fig. 8-D — Representative optical system 
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Fig. 8-A-2 — Also available in an adjustable track extension and support assembly 
which enables the head and toilstock fixture to be withdrawn from the (REE 
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Fig. 8-B - Clamping fixture for flot 
pieces enobles straight-line welds 
to be made. 


Fig. 8-C - Awire feed unit is 
mounted with the gun assembly- 
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Quick CHANGE 
REPLACEABLE 
SHIELD 


Fig. 8-D - A standard Sciaky monocular tele- 
microscope in actual alignment position. 
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MELDING OF COMPLEX SHAPES 


Contents 


Fig. 9-A — Com Programming System 


| 

| 

| 

TOMATIC PROGRAMMING FOR ELECTRON BEAM : 
| 

| 

Fig. 9-B — Analog Programming System | 

| 

: 
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Mlustrations in the preceeding sections graphically pendant control station or automatic weld sequencing 


demonstroted the gun mobility choracteristic of the by — com follower system (position ‘servo only) - - - 
Scioky electron beam gun. To realize full benefit from numericol programming - . - OF analog programming. 


the mobile gun, the gun ond work piece must be con- This input ‘‘command”” signal, thys generated, is 
trolled precisely in both position and velocity. This followed exactly in direct proportion, by the output to- 


may be achieved by employing Sciokydyne Zero-Error the drive motors. The accurate, réproducible posi- 
seryo-systems and DC drive motors, in conjunction 1 afforded by the Sciokydyne ond 
with the desired programming controls. ow electron beam welding tech- 
The Sciakydyne servo-system may be given yed in production|applications. 

“command”? signals manually by the controls on the 


tioning and contro 
the programmers © 
niques to be emplo 
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Fig. 9-A-1 — Automatic weld programming 


crrangement with external com follower 


mechanisms to control individuatly the 
“"X"" axis of the cigs and the “*Y"’ axis 


of the electron beam gun. Predetermines 


coordination of two axes provides mobiliry 
to follow ond to weld'a variety of geomet- 
rical shapes. 
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Fig. 9-A-2 — Interior showing cams for “YX? and “Y'’ position control. 


' CAM DESIGN TO CONTROL X AND Y 
AXES TO WELD A RIGHT TRIANGU- 
LAR CONFIGURATION. 


LET: = 


PERIMETER OF TRIANGLE: $=24". 
ANGULAR DISPLACEMENT OF 
CAM . @. 


THEN: 


AS @ PROCEEDS FROM 0° TO 360°, S These cam 
PROCEEDS FROM 0" TO 24°". contours 
generate 
THEREFORE: a 
10°"; @ = 10.’24 (360) = 150° seionsolor 
= 6; @ = 16/24 (360) = 240° 
CA = 8%; @ = 24/24 (360) = 360° 


Rxe=C+X Ry=C+Y WHEREC=3 


Sear aee ACTUATE POTENTIOMETERS 
oes se COMMAND"? SIGNALS PROPOR- 
~ TO THEIR RISE AND FALL. | 


fon 9, continued 


Fig. 9-B-1 — Anolog program con- 
trol cobinet for automatic welding. 
Electron beom porometers of high 
voltage, position, weld speed are 
predetermined with this Sciaky elec- 
tron beom analog controller. 


Fig. 9-B-2 — Interior of electron 
beam analog controller. Note acces- 
sibility to circuitry. 
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ot Analog Program of Electr 


Fig. 9-B-3 — An example of the programming of beom power input proportional to 
moterial thickness. Power is programmed ¢s c function of voltage while the focus 
current is sloved as on ovxiliory function Sy means of an anolog square root 
extractor, thus maintaining constont focus fer ony setting of the program. 
. An actual strip chort recerding of the pregrom of welding porometers to 
accomplish the above functions is traced here = (1) Command signal, (2) accel- 
erating voltage, (3) beam current, (4) fceus coil current, (5) welding speed, 
(6) gun-to-work position. 
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\Peferred to as shown to tha R«aminer and is peésently ja ‘this 
, -application, Tis Gugndasat urged the patentabslicy of elatu 8 
yk over Schneider, ies 
rf 2 The next gitte sé action Was cS rips reJestion ot Clala r 
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mie applicaticn before this Board of Appeals, The renarks of that 
og “amendaent atate a sample of whe welding that wis accouplish< 
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“Stetzervatd, found De, Btohets dtacloaure quite adequate to teach 


* the Anvention thet Sledveruala wis eladuting aud Che Exaaduce 


i emseay etated thet the metnod of the ela tis 1-4 | B, 106-24 and 


135 or Stelyeriald Wis Clearly laucnt by 8 Stott, In rs Jeet Stas 
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"elim 9g or Stelgervald, the Examiner noted that puck a ewan would | 


"he considered fully wet Ly Stéhe. Threugheut the Constderattcn 


rot the Stelyverwuald Clatus, the Stoner patent fa referred CO as 


oH “having Adequate Alsclosure. However, the prdicsyal PeJcct loss teu 
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dreds wate comme a 1 tet ad vert pamene tee ane seat 


. 


| 


“leveled against the Stohr Glafas fo (hat of Incunplete disclosurs 


yor lack.of disclouure of the claims uhich define De, Stott s 


C ry . . 
“Invention. 
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i me ee Phe claims and the da reJection Sete bao carefully 


_Povieucd, 


Ph oiars ‘o,h,: & 5, and 6 Lefois tha Board Gn a Aves), 

(set forth above) ate rejected, ln paper Ho, 3, ws Gov supparted 
by the disclosure, ~The Beant states "The concept of tea 
iAntensity regulations so as Te ‘produce retincdesy fusion 


throughout the eatire Weld depth Pinds yo support da Uke celginad 
" ; 


Idtselosure,"-+----- "rhe cancept defined in each Of the clatua 


resides in the regulation of ths Leaw Intensity to the degrce 
i which enables penetration of the beam into the materdal to the 


‘destred weld deptn. Thvsugh puch Regulation the “complete weld 


“paren J is Tused by direct heat teansfer ulthout réllance uyou heat - 


eonduet son Uiesugh the material. The above concept Lo Ctujplet=ly 


* foreign to “the original disclosure ard Can not now as Proposed 


be inserted by anicrdienr. “ Applicant has pointed out above, 


“*hat to ote ak Lied du the art, the Consept of Dr, Stubr'as 


“method ta the Bais in Claim 1 which the Examiner Pound allivatle 


“ana in claina 2, ‘and h- -6 which the Examiner has rejected for 


4, ; 
' ack of support Sis the disclosure, 


E é Claia 2 recites "fhe method of Weldtag oater$al Ly 


’@irect energy traiusrer to the materde) and without relying upon 
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_- p @esired weld depth -~--", Pilg ig the prcestble Go the ectial 
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i : : 
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transfer to the material uithout relying upon Electric ers 
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| "focussing a wean of charged particles on the patértal to 
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-} : 
smaterdal to fuse the material Gver ths entire depth of the 


_ penetrating beam--+-" 48 merely the result of Pocusshig o beat 3 
: ON poe ee 2 SSA 


OF pe es intensity, Tre Tooised bean ou the giurfacy af vue 
smaterdal ig clearly contemplated Ly the State discicpure bad 


the phenomenci saat Catscs Ube wosding da iu well- Lieu ve coe 


sews im oe sihetn thaas tere + oo meter canes 


"skilled in the art Gf Electron Leow we Iding. Tr, Stiehe bhoied 
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bean ond, depending eye) the intensity or the Powused electron beau, 


Upenetvates the metal ta form & weld, 
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@pplication, claiius 2, 5 &nd 31-13, Aw Was found in the 
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“took place vhen the bet Was Poecused av the surface of the cstersel, 
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“patertal; and the Nicther bowlerdacat of the matertal at the buntbas 
by the fonized Wiatertal fin the plasia Gteated by the electron 


bombardment, ; 
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ee ear Goce NOL Penetrate the VWeld-because the energy of Gn electron 
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‘and & veld te a depth: equtralled by the bugunt of energy Si the 
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' kinetic energy of Ue beet to" the surface of the materdal, 


fever, in Paper Ns. WB the Exo ety Vefubed ta perindt 


- dates Washes Lema aherarun et 


Hoy- 


applicant 


y 


i any ‘pmendment that would clarity the plignonenon dnvojved. 
Nee 


{ : i Inaofar a5 the matted of claim 2 iy coucerhed, it Le 


Ao Dn gece Beene ees oat 


aveat . 
. i Bubmitted that this claim to fatty ooaj,orted Ly the Stohe SS 


“closure, ~. - =o 6 teat 


isa Ne eae 


| 
' 
4 


- | 
4 is Glaia 4 reclies the seme tio beeps oF le te thod dia- 
= Ye 


; cussed above Sn-coumectdona wlth ciaila 2, namely RosuBodag a beaid 


fof charged particles and setting tne béaw Invensity,) Pie class 


: 


i 
‘vecites, the Bake wethod of Claim 2 bur in commection vith Lee 
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“materials al the dean. The dateastly or the beam is regulated to 
“control the BRL of éfctgy required Por tho weld | $a.ts is ihe 

sam as accelerating the beam of roctised electrons ep bet feren du 
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‘materlala Ly the otpes of Pocussing a Lean of charged pertielca cu 


wt apomen ets Mette, eet nee 


ithe material at Lhe Beams Pe}: culating the Lean intensity to fuse 
“the materials together, by we tiice,” tt should be Chess thet 
thowever the ve zuiated, focused eam accomplishes ita puryose, fo 
‘does peo duce a weld, Just as in cludm 1 of Stelic, Clain 12 ado 
“the further step of effecting rsletive motion Letween the bea end 
“the material. the clain -ts wlicuat Gi Whether ce not the beaw de. 
“‘Saterrupted Locate it 4s dimiterdal, Tf ie da duverrupred and uke 


t 
“spots overlep, & continucus usld ds peaduged, bur, if the teaw ds 


ne pee ert tern Atte ett tenet et 


_ not interrupted, a conttuuous Weld fa ats)? produced, the actal 
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the Bean oF ong plece of metal ds fused ta each adjacent “Snevewcnt — 
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. ‘electrons causes a weld, (wether the hea "“penetvates® or otheriiag 
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The, Exaadiner de fa ener in holding net De, |Scolu did 
‘not have the Concept of effooting & weld by. Tocuusing a Lea of 


‘electrone or charged particles on the saterda) oo be uelded aud 


 curther reyulating “the ‘beam ditensity (cece Stohr speotticut ton 
Ries ae Wings 3h - 35) Lo SEES Live the bulertal and tS fuse 
‘the material Over the entire dé pti of. ‘the penetretion of the Pena: 
= rite . Fxaniner has adiedtted that its ‘phenohencn tekken place 
ee Claim 1 because & _a Meld dss ‘does result etwesn tha two plecea of 


yi ‘heval, A weld can only result rcs CHV EY penetrating the: cae 


mkt {: , , | 5 
- ual vad fuzing 1, : : : eee : 
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— GoMe FU WSTGu 
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Applicant: Jacque: 3 ‘Awiré Stout f : 
3 Ser, No. 36,6 i7 . : On Apical 


“YH walled april 3 1562 Ys Purw the . 
+ Kear Hetad Weldtug Nes leads tetas of Apbeste 
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Hon, Comatastoncr of Patents . si a MAY B= Ee4 

i Washington 25, B. C. : ; 
hin | 
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: Ueteevdcrs, 
at sir: oo Seta - EXANEET G3 a wi 
i : : ELECTGCEL 
- whe petitioner, Jacques Aude Stchr, by hia atteriey br: oe 
! the pacatenteres of Patents to exercise his aupervissry auth. SNE § 
t dn the Boye -identlfded application and direct tie Exatitier ta 
; Enter thé awenduent to Claim 11, se 5» requested in the 
j amendicent Pied Deventer 24, 1963, for the following esucus: 
Bhe snendiient fled Deceuler h, 1963 ves prepared « 
ii filed folluuing a review of the wpplicatson dn preparat!... 7 
a Lrief before the Board of Appeals and an intervicu a. -3e4 
t counse} for applicant bubsequent to the £400) rejections by 
tire sue duent claims 3, 7, 8, “y and 16 were cancelled and ths 
| following ansndocnt requested to elata 11, 
“Claia nl, ling §, change “penetrate” Lo +- release Kineesé | 
i energy © or the bean BUR ; 


by aa advisé ory action Sated PorUucey 10, 1564, the Eacud oe 


stetontrs 


Bdyised that the anerduent propobed for oie ‘ten 1) had nov Nee 


entePcad, stating that the clata, amended =. proposed fp not 


etviscusly allowable and geceusardly would require fucthesr 


con Biderat ‘Sogie 


QTE 


Ab plicant grvccedcd Lo rile is iy brief before the Board of 


Appeals, Mawever, it 45 beldcved that the Giiendent bo Clata 1) 


Siermets 


: : 4s ae roar cutalde ration ot i. iu ters by Lhe board or 
HAppeala, The lati es proyosed ta be hires Te fabiy oapport-3 


Ly the diuclooure, 
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“fhe Enendivent places clase 1 “Yn ‘be ttem form for 


-consideration by the Board of Appeals. _ It Wap not std eAESS ; 


the interview with the Pxaminer bud the review of the claina 
preliminary to presenting the iasucs to “the Board of Appeals 
in applicant's brief that the need for the auenductt Was 
arparent, to clarizy the issues to be considered ae: deoide 4 
by the Board of Appeals, ; ; 

Tire Consnisatoner ta Lier fore requested to steest the: 
Pxamiaer to enter the amsndment to clalm 11, line 5 to wale 
the task of the noard of Appeals in deciding whether claia 1) 
is patentable to appiscant an papier matter « ; 

“Respectfully |! putatteed, 
JACQUES ANDRE rout 
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U. 3, DEPANTMENT OF COMMERCE 


PATERT OFFICE 
Wasiinedtou, 


“pine t08 ante (\ Hay 27, 2954 _ 


aynianione Ft re ewe TNE 


Ex parte Jacguss Ande Stony 

SErYal Yo. 165,617 see : 
Piled April 9, 19¢2 On Petitice 
For Hetal Welding Hathods ae 


Yhis is a petition vequesting that the 
examiner be directed ta enter the amendment to 
claia 11, line 5, proposed in the ausudnent filed 
_Deceuber 24, 15963. 

She proposed ausndsent would change the Jinita- 
tion in cleis 21 witch now reats; ears 

Yregulating the beais jutensity to 

penstrate the @etertala end to heat | 

the sshterials...." 


to read: 


Meezulatinog the bea dutcusily to 
“Elease Kinetic: Enordy Of the bode 
to the materials und to heat the 


patechals.e..” 


: -In hia refusal to enter the proposed asend~ 
nent, the exaalncr atated that claia 11, “enended ad 
* proposed La not sbvicusly allowable ani neccouarlly 

- youlid require further coustdersticn." 


- kpplicant states in hie petition thet *it is 
believed that the anendaenct to clata 11 1s gecessary 
for consideration cf this clata by the Board of 

. Appesls." Ad ts uirat this bellef 13 based upon 
applicant 138 plicut, No reason Ls apparent uny the 


Emefhducnt 13 necessary for consideration of the claino. 
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“Sordal Ho. 185,617 _ 


‘Applicani ventends that “tha exsudacul SO 

ckote ll in Le pier Pom Tor coustdiecation by tha 

Hoard of Apps Nee Here again Bppiicant 1a wilent | 

as to wny tire Bis ds da beutes Pars after the 
PPGLOSEA Beendscat than IO wed Levore tiie proposed | 
Bméndentb., IO La ayy avdit hoisver, that the prope ued 
Buendwcit alters tas chatia tu sulslascc wid it fa 
- Gl¢erteule to sce thal ine Propused asics al ds canp 
‘cermmed with the "fois" of the chats, ‘fic before end 
&Ctsr clauges Invelved “lo peuctrate the batcrdelae™ 
Bad “to reletaé Whystle Gasrgy of tha Lean ta the | 
Haterdisle” acs canaldcred tu be difrversnt in substance, 


Under these slrcube tances Lt Was proper far the 
6xamlacr CoO vefiise thse aduisston of the soshdaent aftey 
@ppeal has bLecu tilled Gia Che rounds brated ta his | 
ketion Wated Jauuary 10, Goh, 


ae Whe petition 1a deuled, 
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“ay ‘i Hon. Gerelest acer of Paterita: , m bd 
oe Washington 25, D.C. ee JUL Tb id 

oe ’ : 

i: Bie 5 2 : Shee “persion Pe 

i EXAMUC TS OO. Enon! 

k Ai- 1m tour L ive CULE Lecosceal ies AA ETS we Pate elo fir chad Al 

> Aged 27, doch to direst the cntey of an aidcndmeat Gr 


i December 24, 1563 to clada 11 to Place the claim in Letter 


Py oltre 
KPT Bak 


fora Tor consideration Ly the Board Of Agycots. Phe petition 


sere et eres eter res 


i wasp denied on May eT, ISEW OW the froauds thal the pelseici 
Was pilates Lo the reaatas hy Uho pee tidinngt to the be tow. 


beemad (oO be necessary, The way Sn witch (he Glad ceadt-au 
¢d 


+ te emmaren 


4 quoted $a the answer to the petition of Hay 27, ch that these 
Wad means Tor “regulatiog the beam Intcngity bo penctrate 


_the matersals and to heat Che materials” vias quite inconclusive 
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hy beam is regulatad da fuienatey © bu Peleus Mbawthe vaca ey 
/ Of the boew ta Las PESSELGLS to heat Ltic paterdals." 
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i: claim and present ic amended Claim 63 @ Clear end deflulte 
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ho than the Incomplete Giunecyl thal the Cledis peeseuts th bte 
PV Ubalchded Com cid Gaus poaolbly controversy aid dLocucates 
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consideration what appearcd to be an AIncoaplete voncept Whig ti 
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foment in &@n accurate aud Complete form, There Was ho alterati... os 
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i of the claim in substance bub only in the accuracy of EXpPfcoolag 
the claia, : 
ne Comsisaioner to requested, tUherefsre, ‘An the ligne of 
the above explanation tu recone der aid allow ANtan Noha 
petition, Mase ae 
Nicspothfally subaditoed, 
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History of the Stohr Patent. Applications" has been sane 
aidered but not ticnwcht relevant to the issucs on appeal. 
Vaile the points satoed “thevetn may juatity the suing 
Ss a reissue application, 40° fo not been how they can 
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“3, 2s Bho portion of applicant !b brief beginntkg ot 
the ‘second complete pat staid on page 13 compares the 
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Le eeeee eet 


cant Bea and the Exaalnusr will agvag, that the Seone 


disclosure will pupport chs elainod Viultavion “Pogus sing 


a bean of charged particles on the ifaterial to bs Weldca” 


"She pecand stop of gebbiig the bear dntenaity tv pene- 
= into the uaterial 65 broadly vecited In claims }2 
and 12 or getlliig the bea dntensity, ta penotrate ute 
* the-materfal and fuse the material over the entire depth 
of the penetrating Lean -as appears in claims @, 4, 5 and 
6 18 not considered supported by Stoke. Appifeant ‘yelles 
‘on Lines 32-34 of paie } for Bupport of this Jinttation. 
‘. Such lines are as follous: “ALI the parancters which 
may influence the velding operation are madd adjustable 
at will, to wit in particular the intensity of the 
_elsctronte eacrente the ‘electron ac-", ‘Sha venalning 
portion ¢ of the paragraph beginning with Lina 32 Lists 
all reracnten that can be adjusted. Insofar os the 
; | Examiner fa. concerned, “the quoted section means ot best 
“that the beam intensity has to bs purrictant te heat the 
jor to welding Lewperature. To interpret such quoted 
lines to wean that the intensity Jo such 43. to 6ftect 
either bea penetration or giv) tanevus fucton Over 
“the entire depth or ths desired weld te relt beyond 
any reasonable interpretation, Stutlarly, to infer 
that & weld can be mide without’ yellance upon beat cori- 
duction from Buch bsaet Uleclonuce fo hat Lit bt jese=n- 
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‘fuse to a desired depth Ly heat conduction, fie claim 
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temperature. Fhe Stoke patent neither Aiscloscs tls 


concept nor discloses apparatus capable of generating ~ 
buch high Leu {ntenaity. yi haa been the Paauiuerts 2 
position frou Wie wutset, Ag evidence that thls po- 
sition 46 cound, “the recently alos overed solaky publi 
"gation ie cited, It fs noted that Scloky 18 Whe asstenee 
zi of the stone ‘patent. Although the publ Veation Leara nd Specific 


A date, it 48 clivious that the publication date 46 oul.be- 
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“faving & depth- -ro-width ratio “ot ZO to 2 can be errected. 
In view of the noted publication, the Buxautner 


2 that 
isp more Poy convinced 4 the concept of vweldihg vith- 


i 
out reliance ‘upon heat conduction Ly petting the Leew 
intensity to a Valus which will vesult in Mork pent- 
* gration Sa not alsclosed py Stohr, This Gousept Cath 
_ not be ald to be inhersat in the Stak apparatus Ia 
- view of the above noted Limitations in the working vol- 
ane 6nd Jens systea of. puch gpparetus. 
Chain A contains essentially the Liuthations 


ame of clain 2 and io Conaldered equally not pupported Ly 


the Stohr @isclosurs. Clain 5 depends rreow clot K 


} 
} 
i 
) 
1 
{ 
} 
; 
{ 
{ 


" _ and would bs considered within the patentable cope 
of the Stohr application if tt wee not for the fact 


_ that the limitations of parent cloin 4 are bot ate- 


elaine 2 or ho pnd aré not supported for the above reasons 


So ee 
eS: 
> 

5 


j 

} 

{ 

{ 

| : ae ae closed. Clain 6 contains the espential liaitations of 
t 

y 

i 

{ 

1 

j 

H 


Claim 22 is broader than the other clatus but brit 


Cee ian ot dm a wetaget es 


“Serial No. 166 Or eee ve: 
‘Appeal nee 24h Ou 3 ‘ = Qe 


requires setting the bean intensity to penetrate the 


Pye Ter a eh ho 


material, Feneteation requires 6 beau intensity beywind 


the capabilities of tha Stole apparatua and. log loally 


‘sould not have Lesa compreliended try Stohr, Clatw 14 fa | 


similar to claim 11 and not supported for the saue reasono, 


; Says : 
Applicant concludes with respect to clas 22 that it ia 
q | 


- Ausaatertal whether ov ist the beaw penctrates, The 


Excamstesx does net agese with this gonclusion, Tnathe 
absence of bea penstration below the work buirfaca, 
thé kinetle eneruy of the beam 18 changed to heat energy 


is 


at the surface and conducted to the desired Weld depth, 
This/nov the weld contcuplated by clain 12, 


4. 


Claiia 13 i6 discuswed broadly Ly applicant 


v 


| 
| 
| 
with respect to olipporting discloniws only, Clatu 13 
46 vejectcd os UNpatentablse over Sctnetdce and not on 


' 


of 
Pf 
EA 
Hi 
ia 
i 
va 
| 
ay 
a, 
; 


deck of eee Wi golanures’ 


SuiMLAKY 


SK 
whe ete 


Pinally rjJeated clatus 2, 4, 5, 6, 2 and 22 


‘ald contain the Mattation that the beaa Intensity barat 
, | 


oN 


sbe sct so that tho Geaia #122 penetrate the werk, Cletus 
‘ 
2, 4, 5 Sit é Bra. WoPG bpeciflse ta the affects of o {bis ise 


“4 


Le. 
& en tte ba Bn ae ne ar hw ine owas: 


trating a in ppelling our thac the weld do effected 


without relianca upon heat conduction. Applicant! é 


“position {g that the disclosure of lines 32-34 of Pays 


“Yo of the dpedificetion will suppor the clatiscd Sit 


aT 


. 


+ 


aes Sent oe ete ot ee cerns 


tations. Such lines Herely age that 11 pareneters 
bub Joct to adJustiient can Le adjusted at wis}, Tne 


“ : . ey "{ 
Exaulner’s position ts thal its broad recitation {tor 
“| 


“Video no specks Coach ting ha to howe thy pataiaters | 
ahould be adfusted to vive the clalucd besull, Riditionally, 
/ 


inane 


2 


+: 


» 


a 
a 
Ss 
| 
= 
H 
} . 
{ 
| 
3 
7 


" | j & 
4 

j 
met 

1 


ceo rene: ce tears em Same art henee wat rhe AP 


> Serial Ho. 166,61 
: Appeal No. eit 64 


An view of Ane shinee Sigatron Bena Velding", 46 


‘ean be fairly concluded that bean intensity has a do- 
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mf Fig. 21(a) Weld in 23/S-in-thick aluminum, Type 2219-TS1 
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,  Fig-21() Weld in gi/4-in. aluminum Type 5456-H343 


components machined from plate and bar stock. 
Through the use of electron-beam welding, costly 
forgings and forging dies can be reduced or pos- 
sibly eliminated. Metal-cutting costs are reduced. 
because smaller rough sizes can be used, and lead 
time is reduced for the production of research and 
development parts. “oe 

Pig.20 shows electron-beam welds made in 
stainless steel in various thicknesses from 1 to 
2 in, with the electron-beam sun held at a dis- 
tance of 15 in. from the work, 

Pig.21 illustrates welds made in 2,4-in, 
2219 aluminum, 5-in, 5083 aluminum, and 61/4-in, 
7075 aluminuz, These welds were all made with a 
power of 30 kx at speeds of 43 ipm, 20 ipm, and 
12 ipm, respectively, and they illustrate the re- 
markable penetration and extremely narrow heat- 
affected zone characteristic of electron-beam weld- 
ing. 

In contrast to the welding of heavy materials, 


Fig.22(b) Weld in 0. GOG-inetuek V-THh aoy fo: 


Fig.22 shows welds made tn 0,015-in. foil of 1/-7Pu 
‘alloy, and 302 stainless steel of 0,00%-in. thick- 
ness. Fig.23 shows a section of a T-joint made in 
0.030-in-thick magnesium, AZ-31B-0. 

In recent test conducted in Rocketdyne's 
Materials Laboratory »+ test bars of Inconel 718. 
12/4 x 15/16 in., were welded. One sample was 
welded by the electron beam, and a second by the 
TIG welding process, The electron-beam sample was 
also given a cover pass by the TIG process, this 
being necessary because at the time there was no 
electron-beam welding equipment available on the 
West Coast to completely penetrate Inconel 718 in 
a single pass. 

The shrinkage tn the rinr of the T1G weldine 
bar amounted to 0.107 in., while fe elestrene 
beam welded sample ghrant only O,dds in. 

T "glectron Beam Tecinciony." by KE. Fs abe. 3: 
N. B, Chappell, Paper No. uhy, Amortean Society 
Tool & Manufacturin,; Enineers , Detroit, Mich. 
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\ | 
applicant 8 spaci fication. Exsminer* 3 rejection, therefore, 
that claims 6~9 relate to a concept not- -sgupported by the 


|| aisctosura is clearly untenable, | : fees 
- It is Velieved that upon retonsideration the Examiner 
j will find that 2pplicant's clains are clearly supported by the 
{ 


disclosure and clearly, for reasons of record, discinguishable 
| 


f; ovéex any suggestion or teaching of Schneider and are allowable to 
| 


: . oc . ~ 
4 Sonne : caste sy SRCRB 
“f » ~ . . i " 
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re HOFICE OF APPEAL 


fon. Conmicsioner of vatenta — f\ a 
' Washington 25, D.C. | () 

Sir: ae : Wee cea c 

; “Applicant hereby appeals to the Board of Aint 
i from tho decision of the Principal Exauiner finally ipieeens 
i ; ; 
: clains 2-12 of the above-identified application. 

A check in the amount of §25.00 in payment of the Bppeal 


ue fea is attached.” ere sere ; 


Respectiully sulmicced, 
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_ JACQUES ANDRE S'NOHR 
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[} TH THE UNIVED STATES PATENT OFF ice 
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210 APPEAL BO. 400-955 


PETITION TO EXTEND TIME FOR 
FILING BTEE ON AGPTAL 
‘(£TRSY td.GuEs‘r) 


Hon, Cos: sioner of Patents 
t Washington, B.C. 


1 Sir: 
Se onewentanerety petitions the Honorable’ Conuissicner of 
ie Pacers to exercise his supervisory authority and grant an 
ARSERATISS WG PES days in which to file ‘the Brief on Aecone 
jin the ‘above-identified application, i.e., to April 13, lvcs, 


"the brief now being dua February 12, 1965, but virhout 


we hae rem ee OE Om Re Rate mh REE ee et atone ot me SOREL ARE TI PORE men te 


ene eer Een Ee were ay 


changing the date for the oral hearing. The reascn for this 
request’ is as follous: 


a view of the highly Gouplicated nature of the 


technical ana procedural © aspects of the appeal ‘that have 

; developed froa qanhenexeee vith the Steomses. oe has been 
neceasary to have explanatory portiona of. the brief reviowed 
by. the applicant and by ene Licensed EROS in the, 

i. united States of the subject equipaent, Such ONS has ee 
been coupleted, Accordingly, the above aixty-day extension of 
tine is reqeestes to ensure that a full and complete treatacnt 

Nofathe subject meee can he presented in the brief to the 


Board of Appeals. 
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. It is hereby cacciricar LES thie petition ie nada da- 
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1 ; 
| good faith, and not merely for purposes of délay. i 


el ie “Favorable action on the petition is respectfully 


eee 


erect subitced, 


oe RUDRE a / 


Werte 2S 


mace Es Hogan, JY. 
‘His Attorney 
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‘Brented to the extent indicated, ce eon 


The time bas been set co capire Apri) 13, 1955 


" * By Oides of the Board of Appeals, 
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APPEAL LO. 400-95 


BRIEP OW APPEAL 


Hon. Comaissioner of Patents oe 
Washington, D. Cc. ; (}; 


i Sir: 
‘ whis is an appeal from the final rejection of elains 2 

“i te 2, inclusive, aye were finally rejected by. the Exauiner 
in paper Ho. 9, dated January 11, 1965; elain 1 was allowed, 
ee . "OMB CLATINS | - 3 ‘ : 

, ; | 

“Claima 2 through 12 read as. follows; mc ast i: 

nee le the tbethud of velding adjoining metal in a vacutia 


which comprises directing a focused electron bean onto. | the Path 


Oo EY Rees teres .n, 


ny vhere the fetal adjoins, adjusting the accelerating voleays 


| of gaia Deak, producing a relative controlled iaplaccaicst we 


i paid: Dene and said “otal to cause the beam to travel alony the 


Path where, the SEzoE SESS 


’ 
Se ee weer wee ew o<- 


= tia method of welding ASioinine metal ia a vacuus which 
_conprises directing a focused electron beam onto the path Whecs 
‘tha metal adjoins, adjustiny the ‘intensity of <a nearhs broducda, 
-a relative controlled displacement of said eae and said etal 
to cause the beaia to travel along the .path where the wstat 


adjoins. 


FES RSE Ae ein ee PINTS eR A me SE Ft eee 


0 ye a cae Owet meee ee A pce remmemmeneennes conessen ane enews ewe nn-» ohlncs asec wceens 


at 


TOON, Aisa Me Tat eS el oem peee te gee +, 


ce ON ee NE eS 


4 the nathod of velding pajoining natal in a vecuis 
"%s which comprised directing a Pacneen electron bean ae pees 
path vhere the metal adjoins, adjusting the accelerating voltage 


of said ‘bean, adjusting the intensity of waid bean, producing 4 


eset eases ee rene! 


anise controlled displacement of said heam and said metal to 


; cause the beam to travel along the path vhére the metal adjoins, 


+5. The mathod of velding adjoining metal in a vacuua vhich : 
| comprises focusing an electron bean, @irecting the beam onto 


“! the path where tha metal adjuina, adjuating tha accelerating 


ene Teer Ck 


; voltage of said beam, adjusting tha intensity of said bean, 

‘ producing a relative controlled displacexcat of said bea a3 
said metal to cause the beam to travel alony the path where t..- 

[ metal adjoins. | . 


, 6.- The method of welding waterial in a vacua by dicect 


: 
' 
} 
! 
, 
; 


“energy transfer to the naterial and vithout relying upon heat 3 


we e-cecaeresie lwamcvewn sires ¢ 


i conduction through the matecial to melt the material to the 


j @esired veld depth vhich comprises focusing a beam of charged 


sePpmeme ge tenement! 


PE on the material to he welded and. setting the bean 
intensity to Deneucece into the waterial and to fuse the material ; 


over the entire depth of ‘the penetrating beam, 


Cn ee a ee Peete GT OO PE EET, VO NT ASS 


ceeerecae pees eee cena nee Seeman tee eeerenei ens Saveur caer meee” £0) S| SSIS sae 
‘ . 


seen were ett oe 


aint eat teens SNe 8 it 


RA a = ae at . rons « A P : 
SLOP SURE Ag eth ON Sa aa eo oem 2 PR STS teats ete Re Tk Dae 


che ethod of velding together ‘tuo material fn a- 
. . 
vacuua by direct energy eaneton to the materials and uithcue 
reliance upon heat - conduction SREELES the natecian to} melt the 


“material to the desired veld Banc which comprises focusing a 


- 3 
| 
. 
ie 
a 


i bean of ‘charged particles cn ons of said materials cope Weltd 


Gace ee aren part AP SA Oa TR AIM: NASR OLORLTY RS SCHEER PERE A, 


tN eogether and setting the beara intensity to Roce a through ee 
gaia one of said materials and into the other of said saicerians 
and to melt SES prceriols over the entiré depth of Tie penstracing 


beam and to Ged the materials, 


8. The method in accordance vith claia 7 which includ. 


. the otep.of fusing the materiala together at a PS of 
BEORE ES along the periphery of a circle having its center | 


i at the desired POISE of actaclaent, of the ustorials. 


9, -The nethed of. walding toyether two aacocinte! in a 


Regie ene e reese: qe neremen er Os tt 


“vacuum along a sean betvesn the materiala ky direct energy 
He ceanecer to the materials and without reliance upon eat 
“conduction through the watertal to melt the waterial to tha 

desires veld depth which comprises focusing a béam of charyed — 

particle at the sean between’ ‘the materials to be yelea aut 
actting the bea intensity to penetrate into the usterials etd 


| 
‘sinultancously to heat said materiale aicaG ths entire Seach of 


ory 
eet te ee err ee Se 


1 Lwietessocet eacasow 


the. penstrating Beats SE8e the materials melt and Bes together, 


l 
iS; 
| 
aa 
H 
| 
| 


‘10; The ‘nethod o£ velding two materials ina vac 
together along a sean which comprises Se a bean of 
pearaed particles | on the abutting edges of the materials at the 


"66am 69 that the beaia yields its energy to the two hacerisis; and! 


: 


regulating the bean latensity to release kinetic eneray Of the 


bean to the materials and ts wee the materials wnti2 the 


_- 


i materials elt “ fuse itoyether. 


2] 
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i 
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i 
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j 
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PERSE SA RE Ariane eh grpre SE Teka. « s- 
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a 


© ae . . y : : = : . se encase oe et 


“UL, the wethod of velding tuo eacorkatolin A Vacutud 
‘together along a aéantwhich comprises focusing a beam of charged 
particles on the materials at the sea, regulating the beam 
fintenasity ,to penetrate the partons to heat the materiala until 


. 


ithe materials eit Ane fuse together, and effecting reletive 
- ymotion between the beam and abutting edges along che sesm ta 

ifora a continudus weve 

[ 42. fhe method of velding two materials in a vaculy 


i] . - 
ytogether along a seam Which comprises focusing a bea of charged 


particles on the materials at the seam along an axis 
H 


Hrsubstantially in the plans of the Seat, ome regulating the bean 
Linte ensity to efrect heating of tha materials until tic materrels 
. Hat the seam welt and fuse together 


SHE REJECYT ou RUD THE ISSUE BEFORE THE ‘BOARD 
OP REPF Ae 


| the French “Arowis Energy Conuission is the cvuner of 
Bae States Letters Patent No. 2, $32,720, issued to Dr. Jers ~ 
Andre Stohr on so 12, 1560,°on an application rited saawane 17, 
Ey 


1957, Serial Ho, 634, 667, which CunES priority ona Excnch 


[. 
"|lapptication of January 19, Sooo 


ne 


Hi 
ft ~ Vhen the united States, Patent Office issued pacent 


“fo. 2 2, 987, 610 to K. H, Steigerwald on June 6, 1961, on an 

ti 
f application Filed May 25, 1959, 4 “etudy of De, Stohr! 8 parent 
nm = : 


a met ore ps nares one ers tree erveneces + 


Il shoved that claims to aubject matter had been allowed to 


| Steigervald of which Dr. Stohe was the first inventor, a8 wes 


T quire evident from the Brey date to which each applicant «es 


j cacierea, as shown in cre printed copies of the patents. 


Seek ne pts re Ree an eee rerere 


eT a ak ak lle eee 


ry eee. EE SOS EES ead | 
we — 
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1 


en cS 
Seen te : Se 
| 


Fo enable Dr, (gtohr - Porvece the erkor, a reissue 


-, 


application vas  eLded on behalf of Dr. Stohr in vhich|clains 
vere copica or Eavecancianny copied frou the eee patent 
‘Yo. ry 987, 610, as set forth in Stohx application Serial Do. 

"186, 617, filed April 9, 1962, ‘for the reissue of patent | 


Ho. 2 932, 720. 


a er et eo ns 
Sea SS 


In the Eirst Office action cf the reissue applicaticn 


Serial Ho. 186, 617, pater uo. 3, the. Examiner cited no new- 


ee a 


references but merely cited as “of interest" four etnies 
iced in ae prosecution of the original §tohr applicacs. a ood 
over Ghich claim 1 of Stohr had been allowed and issued in hs 


Stohr patent, the action on the merits of clains 1 enroush 16 


— ee ~ 


presented in ches reissue REESE SS of Stohr Was. the allowance 


“of claiia Lip which Was ‘reproduced as claim 1 from the patent, 


“and the rejection of clains 2-10, inclusive, as not supported hy 


: 


the disclosure aa originally filed. hfter a Lengthy arguache 
by the Pxaminer es paper Ho. 5, SSS a request for reconsiders~ 
tion of his position, the Examiner, in effect, repeated the 
rejection of Sue 2-12 as not being supported by the disclosure’ 
as originally filea, and this rejection vas wade Jens Pe 
Examiner in “this BCE SS Bada a further rejection| of addivioaal! 
elainsa - 43 ana 14 as “unpatentable over Schneider on the ground 


! of esiyencnersr which will be discussed later, 
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5 
/ 
i 
t 
} 
| 
| 
i 
} 
| 


sence peers nesn ae squeegee anpennemrceremmmmnamename 


Ran caer neg meat nae seen eee wre 


ei pemree ree renner’ 


ere ee ance atin ra oe cme wae mene _ ~ : mee 
Le ’ - _ caqpewete: qo cenereetie meaeanate sueytnemas smecewan eee mmewe meme ere © 
== 
“+ 


é “By ‘interviews with the Exaniner Ske cnitndaents after 
; final rejection, applicant mada every effort to convince the 
Examiner “by argument and ee anendment thac applicant, by virtus 
of his original disclosure, vas SER to che subject matter 
‘of, the clains ics the ‘redesue application, 
= sn Bare Ho.' 13, the Exaniner took very arbitrary OEEESe 
oH in entering anontene presences to ee in part, that is,’ 
H parts that vere Eavorable to his position, such as the cancella- 


% ticn of clains, con entered, and parts that related toa 


oe sbarrermewenss ween 


, elarification of the issue, such as the amenduent to clain tL 
and explanatory uaterial for the record, were not entered, 
In an ‘effort to try to understand the examiner "5 posicica 
E with respect ‘to the arguments, cee etions and reser raised 
a hy oes Examiner ta viat seemed ta be ‘quite a routine matcer La 
} the patenee: applicaticn. of Dr, Stohr, the claims sought in t the 
“reissue application wu Vere Coe Ce and re-stuilea one compare? vieh! 


the allowed claim of the SEO paves and it became apparent 


Pave r= etre ene on rm 


ane clarification of the SLOUEE of the reilsaue application Vas 
nécessary in order to have a proper issue pocsence to che | ; 
Board of Repeatae The onty_ way in which the matter could be 


clarified was to. ‘Ello a continuation of the ralgsue applicaltei 


eam eee oe etn bt ee tenn ererren 9 


and BLESS in it elaima of a scope which the Examiner could 


clearly suGh allbuable in view of the allowance of tha claia 


in the 8 tohr patent. 


1 Te ge SP repre Memon tt oe 


| 


Wee LSE Te Tat emer MRCP Ae tied Rowe Aeted en aoe 


as Twelve clains were accordingly presented in the’ present 

apoxicacton before the. Sa of Appeals, Clain 1 SA 
course, the claim of the Geieinal Stohr Petenes chains 2-5 are 
‘Ht patterned after claim 2 of the Stohr patent, eliainating an 
unnecessary limitation in the Stohr patent clain. these Clein- 
i will be discussed in more detail later in this brick. 

Clains 6-12 in this application are practically! the Bains 
as claims 2,.4, 5, 6, “lh, 12 and 13 of the parent reibsve 
icetiane but in éach. claim there has been insected Ly 


pe Se a vital Limitation, “in a vacuum“. 


| 
The Examiner in the present application, paper ho a. 4, 
| 


nade of record Echo patent to Schneider, Mo. 2, vt 8,920), ieaucd 
January 22, 1957, and a Bulletin entitles “Blectron be 
i, Welding", Sciaky Bulletin No. 34%, April 1961, Which bulleca:. 


was issued by the licenses in ti. United States under) the 


Stohr patent. 


3 | 

Having made these two rererences of record, the Examiner's 
action on the merits of nis 2-12 consisted of a rejection, 
Paragraph 7 of papir Ho. 4, of claims 2-5 and 16-12 “haa un- 
Feacentane over Semeiees for reasons fully sec eee is ths 


~ = SF Mea 


| PINAL rejection and Se eiaineres Anaver in parent = applica - 
‘tion Ser. Ho, 166,617." (Le should be noted thei ~i5. 
presented in this application for the First tiwe and Lers hae 
: 
before the Examiner in the parent application, and only Clais 42 
of this applicaticn, Which is claim 13:of£ the parent applicatina. 


Was rejected on &chncider.), 


——— 
7 


In Paragraph 8 of paper Ho. 4, the Lxanines repeated’ the 


rejection that claims 6-9 were not supported by tha disclosure. 


of Stohr. . 


be 
Pe 
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= Paragraph 10-of papar No. 4, the Examiner wade REESE 


mention, of elaine 2, 3, 4, 5 and oa stating nae they Ware 
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eh 
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| 


onsideret to be eubotantially of the Sane patentable scope aé 


parent. Spec on clains 12 ca Aa. * ohia comment on the merits | 
of claina 2, 3, 4, 5 ana 10 ite not clear a) to its. intent, huc 
‘en view of ae Examiner's attitude toward all of the Sain 3 
date in the arene application, aa weld as thia application, 
this comment must mean that the Exauiner considers these nies 
to ee incapabte of being seed on oY Bupported hy “irs oriyinal 
disclosure of Stohr. ~ 
ghe Lasue therefore before this Board of Appeats vould bee 
in effect, whether or not the disclosure of the original Scohr 
‘ patent Ho. 2,932,720 supports the method get forth in the clainus 
in the continuation nalecee application, and whether oe noe 
: = < ; : 
; Schneider anticipates the method est forth in these claius. 
It hag been mentee that tha parent relesuc appbication 
end the continuation reissue applicaticn bo consolidated Goed 
takes heard toysthet befors this. board of Appeals, aince the clei. 
of tha SORE relasue application ara here presented as claias 


6- aie with the further Limitation aNeale to the method step, thet 


: ie 16 carried out in a vacuua,. 


satwareres hevees te waene-terer 7 


eer eat ere aT See ACT 


Sop. ere tye iA De Patent od TD tyre Rod Newey er ST le ee ees at ogee ee 


: | arose out of tha. work of Dr. ‘Btohr at tha Piench Atom 


| velding mocats by electron bean bonbardwent._ 


| about the time that Dr, Stohr made his invention, 
| . . A‘fuel element is a packet of uraniuy or other 


‘ j . - . . = . — 
x material Which is used in atomic reactors. 
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the classical pecs etcucnt 


q. 
fh 
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Se SAOUR Twveurron ' 


tha ‘Stohr invention fora new nethod of velding 


| Comnisision. Prior to January, “1956 he ‘discovered a 1p 


’ 


The Prench Atomic Energy SOE SHED Was concem 


| 
[ene ox cylindrical containers to hold the 


nuclear Yeactora, I¢ vas a ‘eluple aA to extruds 


4 
| <r a unlform walt for the tube of the container but 


Mas how to put the ena walls on the tubular container 
| cotecety Beal thé fual elewent in place without int 
impurities, auch as oxides, that are ecrsnon in conven 
1 


velding techniques, 
es 


‘ It may be helpful to explain what a fuel clewen 


=. ee 
tt the sense of fuel elements for nuclear reactora and whac the 


| welding proble with respect to fuel elewents was, an 
1 . - 


it 


In order 


fuel elements for 
: | 


pare. a SS ec * eral 
| problem was viewed by the engineers and scientiscs wo 


netals 
Le Bnet, ve 
rocéss for - 


ea vith 


tae ts 
i the pane 
and 
reducing 
tional 

| 
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t is in 


a how this 


cking on it 


£issionabla 
to protest 


the fuel rom the neceseneyy cooling liquid x jas surrounding 


: See in aluninua, magnesium, stainless 6teel, or 


: Ants Interest in the eening of urani uu vith ana 


a 

a 
Ht the fuel olewent, it is necessary that the fusl be encased or 

i 

H. 


back to the early days When ti. chain reacting aS VF 
| 


i: Reecenarenay demonstrated in 1512, 


a”) 
Ga 


zircalloy 
mua dates 


as first 
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is a , cylindrical: urantws ane canned in ons of theses cctiela, 


’ 


In the gabricstion of these’ fuel elements, it is pucesaary 
to inbert the wrantua glug in the form of a REE dite th. 


SH tubing BeeSee and to peal tha mans vithin the tubs 


by placing end caps at Aitken end of. it and velding the a eee 
“ closed. hese velds must ba strong cee sound and crach~ 
’ £ree so that the PEELED ‘GEeRuSEC “of gases ao not escape ase the! 


cooling medina er the cooling peice leak into the uranius, A 


typical reactor would require fitty tons of uraniun encased ia 


ports senreepver = sf 08 


Be: tena of thousands of separate fuel elements. The result GE tha 


¢ 
;. failure of any one of CESES fuel elements could be catastrophic, 


In a . paper on ones Reactors by E. Bretse cher et al 


seeg Senmegmoes © 


. 


of the Atomic Energy Research ¢3 establishment ac Harvell, Pubds ocd 


in the Proceedings of the Geneva Conference on Peaceful Uses of 


Atomic Energy, 1955, Vol. 2, vaye3 251-258, the. authors atria 
on pa ge 256, col. 1, the last Line on the page: 


“A serious Amaleers can be caused in a reactor by 
‘the rupture of fuel elemcnt canning material with’ 
its consequent release of highly toxic and active 
fission products. Our ain throughout must ba the 
production of a fuel element free From this 
trouble rather than the detection of fuel element 
failure. At the present stage tlhe former can not 
be _quarantes 3." 


A paper presented at the Geneva Conference in 1955 by 
He, J. P. Howe of the North Awerican Aviation, Inc,, Nuclear 


Engineering and Hanufacturing, titled “The Metallurgy of 


oe ctwe wees # oer vemmnne oe eens oo 2 re SPs, os eaeet os = 
SSS SS aoe tt = 


Le eras enpewe Peet erm me ee UE tees: 


testa: 


ime remee 8 


TS Seer ee See er 


ee err 


: : Reactor Puels": states on pada ‘166, third TeSAREee 5 


“h nuder’ of modtticationa: GE concen practices 
and many special precautions not well known in 
the trade have bectn required ana hava heen 
-troublesome in some instances. Most of the pro~ 
cautions, were related ta requirements on the cont 
_ trol of soma ingurities in the wetals, to the 
“need for maintaining gona vac cuun in mee and 
casting operations, ur E 
welding and other ieee ee ‘Finally to 
@ifficult inspection and testing requirements." 


| this points out the neéd for a Welding process vhich could be 


(age out ina ean on _atnosphers eet is well kagua that a 
aha | 

| vacua is the medium which best fuléitis this requirenent. 

i 


A paper presented by D. H, Gurinsky et al of the Brockhavea, : 


Hational Le akoratory, entitled “dhe Fabrication of puet lemeats 


i 


—— 


Egor’ the psi. Keactor" . Qiven at the Geneva conference SS 1955, 

Bess on page 223 under the heading “Welding of the a 
Enclosure" Ce the Firat paragraph, Mines 12 to 15, 
“It was found that good welds could not be mate 


with a high degree of reproducibility unless a 
‘heat aink ae vas inserted in the tube." 


a cee p90 Ode ROS Oren ena: AO ORE HER Be SE BNSF OOO 


she Minutes ‘of the 7th Annual Atomic Energy conaission 


. 


{i - 
Welding conference ‘and. the ee AEC-ASH Welding Forua-World 


Hetallurgical Congress held in Chicago, Ylinois, Woverder 6 é 


Pee eee et 


H through 8, 195?, show that the cen and those ine attendance 


at the Conference were engineers fron the United states, 


H Great Britain and other countcles who vere concerned vith the 


. production of fuel elctents, ie . 
- | 


, On page 82, Mr. Cecil Stone of the Argonne Mati. pal 


eee ares Oe ee Revers HS mE bee mae * 


Laboratory, U.S.A. haa the foltoving to say regarding the probe 


abe ee ee creee tere wrenen rotons semmews e amerasas sew sorabmom ss meccnan ces ams =t 


of velding fuel SHOESESSS In Ee 7, 


; 
| 
is 
“In ect the first step ‘ta’ the devalojicdt 
of & proyram tu to determing whether any of the 


* basic ‘velding procedures ‘are feasible,” and de ba, 


; NY wre ete epee ten Spt orem orm wee 


seek ome er mean en s 


| 
. | 
oe -11- | 


| 
| 
i 
| 
| 
| 
| 
| 
| 
| 
H 
H 
! 


. @etemsins if suitable eguipment is comsercicll 
available. In many cases, conceptual reactor 
Gesigns require veldinenta for which no suitable 
processes are known, therehy requiring development 
: programs to’ be completed before an accurate 
evaluation of reactor design can he nade.” 


oS a IO 


Paragraph B reads: 


“Cartain welding problesas continually confront 
‘the fabricator of reactor coréa for which no 
vabsolutely reliable process is known. la many 

eases, the inability co cops with these problems 
"results in @ less desirable compromise design.” 


In paragraph 10, the author further states: 


: “Another problem is the formation of an absolutely 
Yeak-tight joint. here are many interpretations 

of leak-tightnesa ranging from visual chuervaticn 

to the passing of @ mass spectrometer type Lhebiaun 
Aeak detects test. Ths face still remains that 
Veldal cleen:.2 uscd on a clad fucl clement, in @ 
corrosive meticm, Cannot slyays be yelied upon to ba 
deak-proot. 


SS 


eee a> wc Sets PEATE T 


| 
' 


on paga 98, Mr, David C,. Martin of tha Battelle Henorial 


Institute, U.S.A., in the second paragraph, states; 


St 


“Pirst, I would like to talk about some of the 
work we are Going that is applicable to fuel 
“@lements. It seas that everybody suoner or later 
wants to end-cap a fucl element, and in the pase 


‘| . a few diffecent types of fucl elements." 


r TA paragraph 3, the lasc sentence of the paragraph reads as 


i fohlows: 
“one of tha problems encounterd ia that the end 
. pellet usually gets craclked-up by tha heat of the 
welding process.” ; 


ae emer Te 
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\ . 


Son emmnenen eens eaten mene ere ae ye a ane ee nn sesso tees osteeeen 


eee 
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In ‘the £ifth BREADS of fix. Martin‘ 8 resarhs. there is stated: 


ue put end caps on tubes with wall thicknesses: . 
as large as 40 mils and as small as 4 mils.” | 


on. page 99 in the second paragragh, ie Marcin Teeter 


“ile have tried Seal ager ane of welding, We 
thought we had this probl cin solved before We 
“started because we thought there would he nothing 
' to mesh scam welding the two pieces together, | 
.Much. ¢9 our chagrin, this proved to he alnost | 
‘impossible, ‘here was 8% much electrode pichup 
_ that we cculda'tt stand it. ve ore t ak good 


_s0ints- We had to look to dis iche ich 


p 
| 
i 
a 
| 


‘ ees cee eee eon at arene: ems $0: + Coneeem 
Pe ee i: 


; “In this C4Sé Vo again reverted. ta inert gas 
shielded arc welding seca 


eo EI Cave ee LOR are nea ea a RRA 


“fhe “Ate problem that Ve encounter ds ane 
We don‘t kacw cies SEQ DE occurs," 


Ses Sada oT EET Ee LUTE EE 
C9 i) 


In the discussion perica following Nr, Marciste, talk, 


“Mr. Charles P. Bild of the Sandia ease asked ‘Me. actin r 


aueotion regarding ultrasonic velding. Mr. Mactin replica, 

“We are Rniteneates in iGindin5 Welding candicidde 
Which will produce high quality velds, it this is 
possible, in these refractory materials | 


ur. Doiuylas | i. Grobecker of the Sandia oe ada the | 
. oe 
folioving temark, ann SR mone 
* | 
“Mr, Martin, both you and Mc, Stone touched ca 
the problem of encapsulation Ly welding methods aad 
the difficulty of chtaininy reliable closures, We 
have had similar probleuws in attewpting to gain. 
* hermetic seals in small couponent’ containers.) It 
.~has been indicated to ud that when ve want to' be 
assured of obtaining a reliable weld ina clobed 
container, it 1s very advantayeous to. leave a| las ra" 
Vent, consunmate our veld, and obtain the final 


eonoeing by soe mechanical Beans.” 


{ 


oo060 us Shp Ass 0 ods 8 


+ terreno nee me ew nye 


. 


eas ARS! nx 5. ie hiya - i ; 
LOS ARCL Mie RO VM Ae ea) an et BK dees end red Otc 


in hig answor discusses the problem browghe up 


and in the second to tha last paragraph cn 


page 103 states as follows: 


+ “Phe problem is that people with good reason, I 
* think; just dentc-trusct the infallibility of 

welding. Mhey don't trust the consistency from 

‘one joint to the next in producing a leak~tiglt 

joint, whether it be a leak~tightness ayainst \ 

something getting out, such as a fission gas or t 

something elsa you have in there, or leak-tight- | 

ness against the coolant getting in and getting . j 

against the core.” : : “en SE af 
| 


Chainian La Velle, wha represented the Hanford Acosale 


“ 


i ¥ ; c : F 
‘Products Operation and the Genera} Blectric Company at ths Con~ 


i 

i 

i farence, has this to say in the last sentence of his first | 

i eee : Ae | 
i paragra Ea 

i ; | 

| 

} 


fully request assistance with them to the extent 
of your own experigence.” ras 


, 
Dr. Stohr worked on a new process of welding motals by . | 


"id electronic bombarduent, ina gaseous atmosphere of very lov ; 


pressure vhich ia referred to as a “vacuus“ in the art.and in the 
one “aaa : 


patente involved, De. Stohr Found that it vas possible to deste 
an electron gun or eleeccod Leain generating gua to use 1h its 
s eoemrehiee tees the welding process, Which consisted essentially 
of a source of electrons econ a cathode which is accelerated Ly 


an electric field, and an anode was, in the case of the Stohr 


+ @evelopment, the workpiece sing bonbardcd, The aceclerativn of 


the electrcnS can ba controlled by controlling the accelerating 


SSeS 


————EE 


PON Nata at RA rt BIER re 


ee 


\ 


voltsas botueen the cathoda and the’ workpiece. hn eS Leda H 
focussing | devica (sonetines eeorres to as a beaa focussing lens 


but is only a Liens in the sense that the electron bea can aS 


‘compared to a light Keam in an optical system) is interposed 


eee oo en ee ni a 
eee 
ewe amen me an neennne te Some 


betueeri the cathode and the ‘vorkpiess co focus tha electron 


bean substantially at the surface of tha work to be weldcd. 


“the point of ECOUS can ES Fegulated by regulating the £ focussing 
curcent in the coil ox lens and can be adjusted 69 tet the 
electronebean can be brought to leccas near or on the bork, Lut - 
“it cannot.be focused in the veld or below the mae 26 the 

material. ; | : 


Dr. stohr then found that if the electron can vas placed 


2 


ina a chanber large eR to house the » material to ba veldca 


and the chasber eracuseed or the pressure in the chauter Yous 22 


: to a very lou pressure, Tae it was. possible to boubaca a bauer 


ee et 
SSS 
- 


: joint of tuo pieces of metal “and effect a continuous weld as the 


metal was noved under the bean of the SUES gun, ‘the velding si 


we ere co peecaet ce teee ames 


may be effected CoE ina continuous ore the ielectx—a 


eacrent being wainterrupted — the area ae bombarding ths uctal 


aan epee 


moved ee! SERS the. seas or velding line, or in? a discon- 


tinuous fashion, wherein’ ASA electron accelerating eee is 


et bwree cequemte tes ee et * 
Ae sates renner ne oe, 


ernest 


periodically cut off and the electron current being bontinued 


— 


by a succession of fapulses during which welding ia effected ia 


- successive ‘overlapping spots. Ihe Sabelnic technique ee the 


application of higher eneryy on every impulse with a oun having 


ere 


“a lover rating but it is not required except under AAs 
1* where particularly high cnecyy 15 necded for pore.- dine Uypes of 


‘material difficult to weld with an available gun. 


s} = 
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nb Was Qe = etn geen * 


Dr, Btohr! d invention ‘de ‘described in one printga page 
of the United States patent, which is a lear, very conciss: and: 
exact description of the NCES xe is quite easy to find 
= the twenty-one | bricf paragraphs Gescribing the invention, a 
Eonpvaee disclosure o£ ena full support of the elaine how 
‘present in this application. re 


| 
— 
| 
| 
| 
| 
es 
ol 


A OEY, of the one pagé specification of patent No, 2, $32 ,72b 
i is sprocoset and attached as brief SIRES 1, in which ths 
_ Paragraphs eve beéa Senos L iaectetn 21 for convenience in 
“reference. 
Paragraphs 1 and 2 clearly ‘set forth that the invention 
; yrelates to methods for velding metals, the chieé object of which : 
i is to climinate any risk of oxidation of etals ducing their 
~ welding. = 


paragraph, 3 of the ‘specification séta forth the features 


npwermnt vee se ees ree 


the method nust be carried cut in a space Where a high vacuas 


can’ be achieved, Tha paragraph points out that the method is 


carried out by placing together in that amen, the pieces of 
“metal to be welded and a source of electrons capable of 


bombarding the pieces of metal, Paragraph 3 furcher recites 


{ 

| 

! 

t 

{ 

| 

i 

faite i 
‘by which ‘the “method is characterizea. It points out that | 
; 

i 

| 

| 


seen eee eR eee rome re 


that means are provides to yive the area of inpact of said 
it _ electrons, being the electrons from the source BEGERELLNE the 
} . pieces to be veldc =a, dimensions which are quite definite and 
adjustable, and further the means are required such that ‘the 
‘area of inpact may be Sisplac ed abotry desirable fashion vith 


‘ respect ‘to ‘the pieces. ge paragraph further Btated that ia 


particular the area of impact, cnion ‘Ls defined. ee tha 
parenthetical expression as the area ‘in which tha neta) pieces 


are melted, ' may be Le -ved fa puch a manner ay to Fiec : ic, thac 


2 SS 


is, the impact area, at any tine on a line along Sea Welding 


ee A 
Se eens eens: : 


iat 


is to be eeerorneat fis paragraph clearly states that it is 


“Sys intent ni the method of the invention to binbard 


“electrons pieces of metal placed together in a vacu 


1 provide meana to give me ‘area of impact of boubarduent of thes 
CUCESEER ES oS dimensica which 1é quite BREE and adjustable 


{ and capable of SOE displaced in any desirable fashionand Sie 


Oe Re eee rene on memnses Smeg meee ee 


B | areas, jiater referred to as the impact area, in which pieces 


of metal are malted, is displaced in such a manner ae to Se 


ee qrenieiee eee 


it any time on a line SEE Which the welding is to ba perforned. 


; Paragraphs 4- 7 relate to the atwosphere in’ ar the method : 


Peate ste y 


HH must be carried out. Dr. 6tohr yecognized ‘that tha! 


tft “vacuui” was ased ue the genecaily accepted pelentific BENSS 


7 
; 
tera j 
i 
4 
. 
i 


I pather than in the purist meaning of the term, and ee in 


nee norm ar ee tT 


paragraph 6 that it was the equivalent ofa highly purefis éd 


atmosphere. “In, paragraph § he pointed cut that a puitalle 


atmosphere such ag menticned in paragraph 4 wight Zs conaticurcd 


H by certain gases wich are ENeatesany neutral with respect ta tle } 


Ss | . 
metale to be welded and would not produce oxidation, which be 


‘undesirable, a3 pointed out in paragraph 4. | 
| 


Paragraph & of the specification clearly st ot forth that 


all the parameters which may influence thie SOE operations 


de cecemees wees sen Ste meet nes ere mms 


proteate adjustable at will, Paragraph 8 then goes ca bo 


: ese 5 
_particularize sumo of the paramcters that bay Le af Juatal-te, 


| 
nanely, the intensity of the electronic current, the électroa 
| 


s PRR 


=— 


—— 


a pun ostgee “Les ye, Eat mawmPm remem FI Ours Ine * 


f= : ee i tee 
N 


= acceleration voltage, the charscteciotics.of the lens or lenses 


‘for concentrating electrons, the residual pressure and tha 


i nature of the gas present in the space where the ceeree is 


} effected, the PEO displacements between the sources of 


i electrons, =e the paragraph manginien Im Sec recitation vf 


parameters that may bs made adjustable Ly Se worda and soon", 


' Paragraph 8 is direcced to SEES skilled in the art ana clearly 


Lh ER 


| 
| 


cot 


oo = 


- 
| 


indicates ‘to then that Dr, stohr, in deference to their skill, 


Tee them that all the SEECRSSES which may influence the 


velaiang ope rations should be fuade adjustable at will, and Lett 
it up ‘to them, in carrying out the method, to adjust the 


parameters of those factors which way influence the veldiag 


ESSER Dr, Stohr was aware, a8 those skilled in the art 


of welding and the use of electron Leaws ete be aware, of the 


factors that must be vatied to produce | a satisfactory weld 


and the way in which facter. must he varied to produce an 


electron bean capable of producing a satisfactory veid hy 


cartying out the method of the invention, 
an paragcagh 9 Dr. Stohr explained the type of equipsenc 
‘that may be used to produce a vacuum in the place in Sees the 


welding takes place. ‘Rny of the equipment he suggests is 


capable of producing the necessary vacuum required for this 


‘method, or as he states in paragraph 6, a vacuun which he 


characterizes asa highly rarcfied atuwosphere. 


Bg age g Pal eon Faerie eo Ones ee Se reratet 1 BA r8 Seeee$ Ore met OS CSCC DATS | POOLE SCG eee SSeS CSE Aten 


meey See sreeres rate et monroe 


eae RE IR Oe eet tens eee omens 


qr 


8 ey seers eres er cey 


oe ‘Paragraph XO goes on to aes. a little more hov the 


ne 


i] 
vf Welding may be efrecteds Paragraph 10 explains in subpacagrach 
i 


(a) that welding may be effected in a continues Fashion, | the E 
‘ electronic current being inten and the area of uclting 
i metal noving regularly along the welding line. This elescly 
states that the method conteuplates a continucus appl ieacion 
Poe a stream of electrons boubarding the metal to be veldea 
F Anaae the velding line and the Berean af electrons being un~ 
interrupted ana the aot which has saya Wen deceres 
as the. impact 2 area, ineaning the iupact area of = streau of 
“electrons in which the metal pieces ‘are welted, noves alun ; the 
velding line regularly to effect a continucus veld, 
rhe (b) portion ‘of parayrayh 1o ulatos that the nome A 
| ean be effected in a discontinuvus eaehion Ly having the 
seiactean accelerating voltage pericdically cut off ana Ae 
AERC current being constituted by a succession of ieeateran! 
In this case, the welding is then effected. by a succession of 
| 
spots because the Aas beau is noving ‘yelanive to the tagtal 
to be velded and thus the dupace area appears at a eoratiey of 
GES ERS or is cliaractarizea by a peccesaion of apota which 
partly overlap che another. This cia in effect, give é 
continuous oe es the welding line, Lut as pointed out in 
paragraph (b), the tine for which a@ metal area is subjected 


to melting ia considerably aces with respect to the case 


. where welding is continuous, which permits applying a Nigiser 


energy on “every pees By this disclosure of operation Gf 6m -.° 
"electron beam in a dise continuous fashions but at such a ae 
rate that the succession of iupulses ¢ or spota ib such that they 


partly overlap one another, beans that the equipment csuld be 


operated ata gach, higher éneryy level because it ib only 


-19- OE ; : 


a ee Ty 


wey P mar rth a} maw 8 


fa nnn qeecerncocem ace eeeen ae newen, Saeee sm mmrewerwmames © 


=f 
” . . . 


operating a portion of the cine eG Re upon tha relations ap 


of the on and off ‘cycle, but in SRE event, it is ata, 


apr o wweses econ euweres me MOA Cee LS SS 


‘gufficiently high rate that the spots overlap one another to 


oo aeroeen es  SITTS IE S TI eT OE A 


give a discontinuous operation, hut in effect a continucus veld, 


= 


iby the operation of the equipment as set forth in paragraph 


10(b). 


wet ees were erence et 


ok a EE 


xe is quite yoadily apparent why Dr. Btohy réejuires 
in paragraph 8 that all the parameters which may influcnce t1- 
WOE OR ba wade adjustable ‘and by 69 ceaching those 


who, wish to “practice the favention to-maks the paranictars 


Seg mmr mee mer ere eit” 


} adjustable, he states in paragraph 10 that thse method may be 


carried out in a continuous oF CESSES fashion by the 


Operation of. the eqaeenente 


Since ‘paragraph 8 Ree that the disclosure contemplated 


adjustability "of all parameters, applicant proposed and the 


. 


Pxaniner SLs in paper uo. 4 of this application, the 


Re Ar er LE ATT 


| addition of eoente l?a-d in Pig. 1 and 1 a and 17" b in Pig. 2 
ons illustrate in the drawing | what was described in Garaycarh d 

of cha original: peel fication. therefore, there is no Sicotioou . 
“put what pacagraph 8 EY, suppocts the Seaneee that all 

peeeetacs which may influence the welding operation are wade 

adjustable ane eee parameters and features arse illustrated 

in the drawings by suitable pavercware 

fo congly with the Rules of the Patent office, paragraphs 


' 


11-20 describe preferred embodiments of atructure to carry cul 


the method of the dezacribed invencticn, with the usual grecoutica 


_ that they, are given merely by way of exanple, The sovernewn 
- get ‘forth in Pigs. d and z are ee fully. described 
paragraphe | 1Z through 202 
aucuent 
| The Exaniner had no CUE E EEL SY shan OA disclosure his 
ginding that it was quite adecuata ‘fox itlustrating the Beth. 


ft Bet forth in parayragh 10(b) for which the elaia oF the patent 
| Seer itis equally clear ‘that no difficulty will be 

; oie é 
i encountered in the disclosure in folloving any of the method 
claims ators this board of Appeals on the ates tliat is, 
each elain, 2 through 12, can readily be read upon and ia 
| supported Ly this dia closure. 


It will ba apparent ‘on inspection that the velfing vhich 


| is described in \ pakayraph 10, effec oe as ja paragcagh Lola) or 
in 10(b) produces a Sous The speci Eicaticn also aisetoses that 
the nethod Ancien in paragraph 10(a) or 10(b) is applica ts 
“effact the veld Letween two pieces “of metal in adjoining Sey 
j. tion with respective edges thereof in contact, This is quite 
clear fro the Fact that the Exoai ner allowed the claia ia the 


“Stohr patent Ma. 2,532,720 wach Stel recitation in the SeelRs 


Phe claim in the Stone patent continues reciting the 6Ccp of 


: directing a poeuseas electron bean’ shee the line of contact of thig 


two picces of metal and accelerating the bean along its pac to 
: ‘ 
‘said line. Tals portion of the siethod which pxaatast four’ : 


disclosed in the patent ts copunon ta the tus methods of 
“effecting tha weld described LS paragraph 10, Bkigping a bit, 
| 


*, . | 
_the claim further yecites producing a relative BAS 
See a of the beam and the oe of said tus pieces tu 


ca the. Team tS paanret along the ee of ‘contact. Tuis ia 
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also comsion to both of the methods etfeccing tha wold as bet 


eee 
; t+ 


forth ‘in ‘paragraph 10 and ‘the’ Exasiner had ho aieeiealty in 


finding support for ‘these portions of the SAS recited alave 


in the disclosure, fhe clain as uLGce by: the Examiner SEES 


ere Smee 


a Limitation of ‘periodically interrupting» the Son, vhich to 


described in aagteaet rO(b). Xe js noted, however, that in 


'10(), it ia stated that velding is then effected bya’ auccesat.. 


of spots which partly overlap one another, In effect, the = 


@isclosure supports a continuous weld along the line of contact 


of two pieces of material because the net result of the practice 


| of the method disélosed-in paragraph 10(b) is to produce hy a 
{t succession of impulses, welding by a succession of spote Which 


partly overlap one another. owe only difference Letveen the 


.- 


|) disclosure oe paragraph 10(a) and the discYosure of 1G() oi 
that the wee is interrupted se the benefit 5 the eocteuat 
of applying higher energy to each pulse without the disadvantage 
nw Of having continusus high energy. output, 
gcerrerery if the disclosure af the patent supports the 
claim chat. Vag allowed, reciting Ste method of prcducine a 
continuous veld, as set forth in Rinne Lola), hy a 
f succession of apots which partly overlap ong another produced 
Lal” by a succession AG foerhees an A 6pots, as set forth in 


paragraph 10(b), the sasie disclosure will support a method in 


| 
7 
! 
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! 
| 
| 
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1 


‘which the unnecessary liaitation on the method, of pevicdicallly 


interrupting the beam, is omitted, Prem the point of viev or” 


ee 


eae. qa ore ~enernetas areas 


See 


a rE 


a rns se ee ae rere nee greneer oreo eetenten ! 
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terse ieee ee ttt 


oe ” 


‘Aisclooure, the broader concept set forth in the allouea chain’ 


, ia “certainly eurpoxte’ by th: disclosure if the nore specitic 


j, concept is supported by the disclosure. Pei ! 


However, appallant proposes showing that there is Support 


| gor each recitation in the method ‘of each claim. In the 


| fortowing claims, ‘the nunbec annotations refer to the nusbecsd 


, 


| paragrapha in Bricf Exhibit Le eS ‘is to. Ls understood that 


the annotations of the clains are not exhaustive, but jenough 


fl andication « of where support can be found in tke Peeiricoeton 


y Il ie. indicated by. one or more paragraph nuubers. 


-t- ina vacuum (par. 3; 6 and 9) which comprises directi nga focus:4 


\' 
| 


Claims 2 through . 12 axe SO ce by the Aisclosure us 
follows: Mace EM c ess SN Seay eae 


2c. “Phe method of velding adjoining petal (par. (3 \ and 2) 


j electron bean (par. ‘3, 8 and 14) onto ‘the path where lea metal 


puck adjoins (par. 3, 10 and 14), adjusting aessiescies voltage 


i of paid bean (par. 8, 15 and 1), producing a relaciva controlled « 


| displacement of said bean oh said nétal ta cause a be sauce tO 


travel along the path where the necal sajoins nr 3, ae li, 


7 16, 18 ‘and SD): 


+ None tee epee a wn rater ne “Ame Te bet ee ate ems at tee 


/ £ 
nce meen et oe rem eeet 


3. the method of weldtug Bajornine natal: (pax. 1 and-2) la 

; a “vacuun (par. 3, 6 and 3) Which’ cwuprised directing Qa focuscd 

electron bean (par. 3, 8 and aay onto the path where the petal 
| adjoins (par. 3, le and Lt}, adjusting tha intensicy ‘of said 
Team (par. 3,-8, 15, 18 Ane 19), producing a relative Sin Rea 
i displacemenc of said beam Sn “ante taetal (par. 3, 8, 10, le end 
19) to cause the beau ko travel along Lhe path Where tlie Betal 
adjoins (par. 3, 10, 14, 16, 18 and 19). 

4, The method of. velding adjoining metal rene 1 ane 3) ee 

a ongter (par. 3, 6 and 9) which comprises directing a focuascd 
electron beam (par. 3, 8 and Ii) onto the path ners the metal 
“adjoins (par. 3, 10 and 14), adjusting the accelerating yaltaye 

of said beam (par. 8, 15, 17 and 18), adjusting the intensicy 
Ht of said bean (par. 3, 8, 15, 1a and 19), producing a relacive 
rentenck. displacement of said beam and’ said etal (par. 3, 8, 
10, 14, 16, 18 and' 19) to cause the ‘beat to travel afin are 
; path where the metal adjoins (par. 3, Lo, 14,-16, 18 and 15). 
5. The method of welding oS metal (par. 1 and 2) a 
a vacua (gar. 3, 6 and 9) whic oh comprises focusiug an électi-a 


bean (par. 3, 8, 14, 15 and 19), directing the beam cate the 


“jt cach where the metal asjoins (par. 3, 10 and 14), adjusting 


Shs ace selerating voce of said bean (eae &, 15, 17 and 1), 
seayaeting the intensity Gf sald Lean (par. 3, 6, 15, 18 od ly), 
seraaacing a relative controlled ordre of paid bea ond 


said metal (par. 3, 8, 10, 16 and 19) to cause the Lean ty 


‘travel alony the path uhere the matal adjolas (por. 3, lu, da, ke, 


18 and 19). 


en rene 9 
SaaS 


ered 


——SS en nn ne a A or 


Casa) 


6. The nethod of. welding material (par. } ana 


vacuun (par. 3, 6 and 5) by direct energy transfer < 


material: ‘(par. 3, 7-and 8) and Gees relying upon heat 


conduction through the acetal to welt the waterial (par. 16) ta 


H ue desired veld deprl: (par. 10(a) and 100)) which 


focusing a ea o£ charged particles (par. 3, 7, 8, 


I 
19)- on the material ta he wanes and astting the bets intoestvy 


) tha 


2) ian a 


Fee 


"a4. 15 ani’ 


ay (par. 3, B, 15, 18 and 19) va penser e into the material: 


i; (par. (10(a) and 10(»)) ana to fase thé SS over the entire 


| depth of the penetrating beam. 


Conan ee oe 28s ar eaten oF SR eeat SPOS SSS RLS SIA 


7. whe method of welding togathex tuo materials (par. Le 2) 


‘ and 3) in a vacuun (par. 3, 6 and 9) by direct Ceeraiiecanstec 
| . 


| to the materials and without paiGanee upon. heat conduction 


| through the aan | to melt the material to the dvaived weld 


i depth (par. 10) which conprises focuaing a . bean of Aoeene 


; to pene through the said ons of said BAERS 


: the entire depth of the penetrating been and to Fuse 


“ center at the desired position ‘of attachuent vf the 


ae particles (par. 3, & and 14) on ona of said materials to be 


COE together. and setting the ea intensity (pare 3, 8 and 14) 


and incs sae 


Annes: of said materials and to welt tha cores tear. 13) over 


. 


: 8. qha wsthod in accordance vith claia vy which includes 


the step of “fusing the econ. together ata aie 


lity of 


positions (par. ¥O(t)) petons tne periphery of «a “elecle paving its 


(see Fig. 1). 


waterials 


Ap promncss wo . 2 kas -eretoets | sam aSe SSS S1eresever ESS 


e 
| 
| 
; 
1 
a 
{ 
| 


the matet jaa . 


see eseree erme 


nn re enna mass ae mrrmmnnns gee mamnmnans Toeennerarernee te errr ee een em nmeteertne tee te ee 


Ht 
j 
| 
| 


, 
je 


’ 


SF ease 


TT ES eal 


+o fhe nethad of welding together two materials (par, 1, 


E and 3} ina vacutua (par. 3, 6 and 9) along-a Bean between the 


paterials Sy direct ENELyy transfer to the materials and without 


reliance upon heat conduction through the taterial to melt the 


newer eee ee ees wwe men as ene ate 


material ‘to the oe weld depth (gar. 10) which comprises 


focusing a bear of charged particle (par. 3, 8 and 13) ac the 


eee meeravenra rece m8 


sean eine (R materials to be welded on 3 and 10) and 


“setting the beans intensity (gar. 3, 6 and, 14) to penetrare into 


wee tee 


the waterials (par, 10) and siaultancousty to heac said aterjala-: 
along the entire depth of the penetrating beam (par. 10) until 
the caternints Ske and fuse together (par, BS 

vous) The artiet of CORE two materials (1, 2 and 3) ina 

vacuum (par. "3, 6 and 9) together along a dean (par. 3. 16 and 13} 
i which conprises focusing = heen (3, 8 and J) of charged 

particles on the Aluiting edges of the wateria¥s at the scaa 

(par. 3, 10 and 14) so that the bean yields its energy to the two 
_materials (par. 10}, and regulating the ae dntenstty (car. 3. 

8 and =e ts rekeaso hinetic energy of the no to the materials 
ae to theat the materials until the materials melt and fuse” 

together (par. 10). 

Re Whe method of welding tvo uaterials (gar. 1, 2 aud 3) 
in @ vacuum (par. 3, end 9) together along @ scam (par. 3, lo’ 
ana 14) which cowprises focusing a beam of charysd particles 
(par. 3, 8, 14, 15 aot 15) on the haterials at the boat, Eemat: 


i ing the bean intensity (par. 8) to penetrate the materials te 


oe see LS i erm etn cmos ate aes mey trumpet remeet el + 


heat the aaterials until the materials SOLS and fuse tayether 


(par. 10), and effecting reactive moticn peeceen Re bean and 


i abutting edges sisag tha seam to fort a continuous ve etd tears 3. 


i ; =e 
10,. 14 and ¥9}joue : | 


| 
az the nethod of welding two materials (par. 1) aad 2) 3 in 


a vacuun (ear. 3, S and 3) together along a sean (par. 3, 16 and 


AY unich coupriaes focusing | a bean of charged particles (par. 3, 


8: 14, 15 and 19) on the wateriats at “the pean along an axia 


games e se tamer ns peoweees 6+ eomenae mee 


{ sibstantially in the pine of the seam ‘(see Fig, 1}, and 
: regulating the beam intensity (eae 3, & and 14) to éttect 
| ree ae the materlals until the sae at che pean welt 
i i and” fuse together (paragraph 10). | 
From the foreyoing, it vill be quite clear that t) each of ae 
‘ clains ‘is: ouprorted by the disclosure. 
AS further support of the ‘completeness of the disclosus apie 
i stone, and the fact that the teaching in the Stohr original 
«| specification of the interrupted mode of operation of the 
I equipment produsiing a veld between two pieces of watecial is 


 gully- supported, as vell as the broader node ‘of operation of 


oe ap ve peen en ey ome oremmma mpm: OES OS 


{ 
Sie a continuous Boe with an wnintersupced es) an 
' 


affidavit is attached as Brief Exkibie 2; for completeness in: 


“e ~ i. 


j this file. Ba ERE UESS affidavit and attached ee wad 


| 
| 


; forwarded S ‘the Board of Appeals and referred to the Examitier 


| 
peseera | 
i in the parent reissué application Ser. +o: 16E, 617, | and considered 


pee RP RNR ROT wl ter et AEN TE Om OF 


; | 
" by the Examiner, so it will not be beceusary to again refer 


this affidavit to the Examiner. 
_ The affidavit is by the Director of esearch of the United 
i Btates licensee. Whe Director of Research is Hr. 3. L, Selcncn 
i and the United States licensee is Sciaky Bres.. luce, Chicago, - 
E ailinois. Deponent statea that Sciaky Bros. is Licensed under che 


| ees i 
| 
| 


| 
iz 


a 
b . . . . 
’ 


4 


—_—_— oo 


’ 
tit ry 


i 
stohr patent us. 2, 932 4,720, and ie not. the assignees of the a 
| 
Vi 
i! 
! 


Ses 


A A Lr mn A ta a a RT A gag) 


ae vas alleged by the Examiner in the Examiner‘ 6 Ansvex. | 

: Mr. Solomon states in his affidavit that. when Sciaky 
LES were negotiating for a SEGELOS under SCS patent, 
they Were given the same infomation as is contained in the 
Stohr. patent specification to enable Selaky Broa, to design ated 
build and evaluate the feasibLilicy of protuty pe Rael said 
deront this information ana knovledye Of & CoLruilewal elects. 
phous oe, ethese tere able to make equipient in accordance Wici. 
Stohr teaching and siake velds along & line of mntnee foptean 
the edges of A pieces of metal as the metal was wacved under 
“hg maa (This he not surprising because any disclosure that 


, ¢ 
would be sufficient to"disslosa the limited claim allowed to 


! 


af 


‘Btohr in his patent would be sufficient to discloses tha un- 
interrupted beam concept, particularly in view of parayrapti 


O(a). Me, Solomon in hia affidavit:continues in this vein Ly 


‘stating that welds have been made by the method learned frou 
“Stohr using either an interrupted or 4 continuous electroy bean 


with the very sams equipuent, end, in fact, has attached as 


cay aa 


Exhibit Be evidence supporting ths Statement that buch equiipecnt 


has been proposed and sold by Sciahy Ekos~, Tac. He, Soboucn 


é 
4 
cat 
| 
=| 
fl 
| 
* Sa 
ee 
= 


mw a ee oe es ee ete 


‘further describes how the teaching of Stohr has ae carried on iy 


Ly See 


larger and APS Peek equipment to the extent that velds ia 
of - 
EEO eS of depth of penetration and of a width of less 


Ce ane ces: 


; than one-Quarter-inch have been made by Sciaky Bros, with us 
other elements or eens Gther than those described cr 


, 
mentioned in the Stohr bpecificatioan, 


PO Oe or ore ready RA On Tne 


{ 


wy Here is a man okiliea in the art vNe | vas ie ciss jafona- 
aa 


‘eton no more than is eoneatneal in the Btohe specification, and 
waa able ies practice the nethca described by Stohr without any 


. difficulty, und, furtlicr, practiced both tho interrupccd 


‘beam and the non~ interrupted hean methods WE SEE SSS hy Stohr 


on the Bane “equipuent. ig ae 


the Examiner has. made reference to Bchacider in discussing 


: 
ot 


| applicant’ 8 clains 2- 5 and 10- “12, referring to reasons set forth 
in the final rejectton Saal Eraninents Answer in the pareat 
Seats application Ser. coe 186,617, However, clais 2-5 Wore 
not present ln the ‘said application and therefore ae einen 
: : : | 
comments on Sclineider will bs answered as they were ansuered 
an tS response to paper Ho, 4 of the present applicatican. 


. It should he pointed out that Schnzider was of record. 


in the original Stohr patent syplication and also in| the 


Steigerwald application fron which 80a. of the portibns of the 
elaine here in ‘issue Sa08 been derives. In the Sos 
of the applications, ‘the disclosure of Scneider ase taken 
: very seriously and claims eorcgenneces in the applica 
the Schneider reference, . 
-Bohneider does not disclose as Exauiner states, “a method 


i]. of welding a contact to a semi-conductor base hy means of én 


electron beam,“ Schneider describes the usa of an electron 


: ° I 
aoa for evaporating ictal for grosving Bey SSS in a 


rod oom as shown in Pigs. 1, 2 ‘and 5, or in a plang suckace 


i form as ) shown in Fig. 4, Wheres a groove | i effected | vy an 


pe cicee pocorn commen nears meme. senqumees se pmee os eee 


electron Ree eas particles of cai fron a suct 
| 
| 


eee gt nk eons these ats ows 


of ee. haterial, leaving a groove,. The seen states, 


| 
te. en 3, Lines S- “7, that the wedge~ shaped recesses or 


CS, 13 are proviacs in crystal 12 of Pig. iS for Xxocelving 


“contacts. his portion of the CECES EER ES Furthor Blatey 


-that the SECON ES or recesses 13 ar @ provided hy ne the 


surface of the eoveeee 12 by electrons focussed in a besa ld 
t ; 
ye which causes _evagoration of the material, The spacificaticn 
“ does not state that the contacts that are subsequéatly intended 


“to be POOR in the grooves: are Welded in the grooves Ly the 


i  Aingaren Sone the toetaat iene” of the invention in Figs, 1- 


» 


qtagmere s--Soeweereeer es (Oe aeves Ot Ce SneS@ = —POED TAO SEORES Sear CAPSS SSCS SOSA ACLS M, eee ee 


| -5 rakate entirely to the evaporation phenomena Ly an electYca 
| bean, that ia, the removal of metal by evaporating it. 
Pigs. e 7 and 8 relate to walting material in the fon of 
powdered crystalbing on a highly purificd carbon base 18 oc 
| highly purified siliciua 22. While there is mention of a 
' possible application to welding, soldering and dintering ox 
: similar processes, there is no disclosure of how they would he 


- carried wee ana as further evidence of the SACU that Schneider 


did not regard this casual reference to Welding, svldering, oF 


ee teem are meme et 


- sintering or similar processes as being a part cf his disclosure,’ 
an inspection of as claims phows that the subject matcer in- 


volved isa “wathod of producing sent=c eaductors Ly heating 


a eS 


‘eryatalline pemieconiactor particles in ee on & base material 


eo eens ao ne «ee ee eee rns SF. 


ne tay oe Rene stein sree tes 


to fuse “thea together and to the base for sual ~cjaductor 


. 


. purposes, Ic ia vell known that the tuo components of a seni- 
‘conductor are not permanently velded cogsther in the sorwal 


. 


sense of the vord, but there is merely a surface fusion o¢ 


oo 


: intorlocking 4 ina sent-conductor uhich la ee bevarates ig 


H made ‘in the Wanner described in thesa ‘claims, 


re to eects that tere is no mare ‘teaching jin 
| 


‘ Schneider now in the center of ‘these claims than there Waa 
es s chneider Was Conetaered in connection with the Stohr 
or stéigenala clains. “he pagaage ce time does not increase 


the uectosurs se Schneider and Anat as there waa no 
| 
- regulation of the yore of Schneider disclosed, does fot nou, 


ene the light of the ancient knowledge, wake, ‘it reeks that 


Schneider intends zd to regulate the intensity of the bean. Tlic 
(vase: 

i Examiner attributes Stehr's knowledge to Schneider’ 6) disclosure 

pane ’ : ° ’ : | 

. oe | 

Sat * . - . 

in’ rejecting Steohr's claims, Effecting relative matica between 

| 


the Bose Be the work to fon a ‘continuous seam, as the SESS 


calls it. ora veld a3 Stohr calls it, finds | no teaching nor 


support in Schneider and it is clearly not within the silt ar 
the art nor an obvious SHOE CS in view of Stolr's pidnéer vere 


>in ‘this field. 


” 
{- 


| 
| 
| 

! 

| 


tn view of the foreysing submissions and aryunenta, the 
Board of Appeals is requested to Find that Stohr’ 3 oviglaal 
disclosure is adequate to support the claims nov before the 
pecans of £ Aypeals in this application, and for yeasona-set forth 


above are allovable to Stohr based upon his disclosure, and 


reverae the srantinets 


“dW Attachmente.. . | 


Brief Exhibit 1 


JRCQUES MIDRE S4ORR 


4 Die 


“Rn oral hearing on this appeal is reyussted,” 
’ ‘ é 


Respectfully submitted, 


Martin E. Hoyan, Jr. a. 
His Accoracy 


dene evens et ee ee ere ren memes 


"Brief Exhibit 2 (with 


Exhibits A and B) 


“In triplicate 


i -Washington, D. Cc. 


April 13, 1965 
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A description is given of the electron-beam welding process, details of 
the components, the technique of welding large components, welding 
of dissimilar metals, and work-handling methods, c 


Contributed by the Production Enzincering Division of The American Socicty 
of Mechanical Enzincers for presentation at the Production Engineering and 
ASTME Conference and Exposition, Detrolt, Mich. April 20-24. 1964. Mann. 
serip? recelved at ASME Headquarters, Junuary 31, los. 


Written ciscussion on this paper will de accepted up to May 18, 1964. 


Copies will be available until February 1, 1965. 


yn 


ne electron-beam welding process 4s one in 
, a deam of fast-moving electrons, accelerated 
ie the speed of light by potentials as high 
“ys 200,000 volts, is focused by electrostatic and 
electromagnetic means to the smallest possible 
spot size on the surface of the workpiece. The 
kinetic energy of the electron stream is instan- 
taneously transformed into heat, with very little 
loss, bringing rapidly the temperature of the work, 
at the localized area, to the melting point, The 
beam of electrons is directed to the point or a- 
long the seam at which the welding is to take 
place, The motion of the beam relative to tiie 
work is controllable in speed from several inches 
per minute to several hundred inches per minute, 
_ depending upon the thickness and type of material. 
‘Inasmuch as the electron beam can be generated 
only in a vacuum and is quickly dissipated if al- 
joved to pass through matter, the process 4s car- 
‘pled out in a vacuun chamber under pressures of 
aoproximately 1 x 10“" torr, Because of the high= 
ly concentrated fourde of onervy, the rasultiny 
welds are particularly narrow. Depth-to-width 
' patios in excess of 30:1 have been produced, de~ 
pending upon the type of material and thickness. 
Because of this, the process lends itself to those 
areas of welding of those components which require 
‘the thinnest welds, and for thos¢ materials which 
would be affected adversely by welding in the ate 
mosphere; i.e., the welding of refractory metals 
such as tungsten, columbium, molybdenum and tanta- 
Jum ~- readily oxidized metals such as beryllium, 
titanium and zirconium -- and, vacuum-melted al- 
loys such as Haynes Alloy No. 25, Renc 41, 713 C 
and Zircaloy. 


COMPONENTS OF SYSTEM 


Electron-beam welding equipment generally 
consists of the following components: 

2 "A vacuum chamber of sufficient size to 
contain the parts to be welded. The chamber should 
be made sufficiently rigid so that the force of the 
atmospheric pressure on the walls of the chamber, 
when it has deen evacuated, does not deflect the 
walls or any of the equipment which is attached to 
the walls. The chamber should de designed in such 
a way that it absorbs all x-rays produced within 
the chamber, Fig... Special attention should be 
paid in the design of the windows ané doors to in- 

3 sure that the x-rays are prevented from escaping 
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Fig.1  Electron-beam welder type) VX-S0 x 30 x do 


| 

| 
at the seals, Openings should be so designed that 
extensions to allow the welding of long parts may 
be easily added to the chamber. For example, Fig. 
2 shows the extensions added to Solar Engineering 
& Researoh Laboratories in San Diego to allow them 
to weld long tapered tubes. | Feed-throughs must be 


- provided for the required mechanical motions with- 


4n the chamber and for the ¢lectrical devices, 
both high and low voltages.| . 

2 Vacuum pumping equipment 4s required to 
pump the chamber to 2 welding pressure of 5 x 1079 
torr in a reasonable time -+ from 5 to 15 min, 
Gepending upon the type of york to be handled. 
This requires mechanical pumping equipment for 
roughing out the chamber to) a pressure of apPrsx- 
4mately 100 microns, and diffusion pumps reguired | 
to bring the pressure down to the pressure re- 
quired for welding, Fig.3. | The pumping equipment 
4s also required to pump away the vapors which ar? 
liberated from the workpiece while it is being 
welded, In certain cases shes may de. quite 2 load 
on the system; e.g., the gas load, due to the v3- 
pors liberated from the work when welding 2.5 tn. 
of 2219 aluminum at 4% ipm| ts equivatent tv BASS 
liters per sec, inasmuch ag the gas content of 
this material is 2.5 milliliters (stp) of hydrocen 
per 100 grams of the matertal. Pressure-measur- 
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Fig.’ 2 Electron-beam welder type VX-32 x 20 x 30 with 12-ft extensions installed at 
: Solar Aircraft 


Fig. 3(a) Electron-beam-welder vacuum pumping system 


ing and monitoring instruments are used to make 
the vacuum cycling automatic, 

3 The work-handling equipment for electron- 
beam welders consists of the carriage and drive 
for the production of longitudinal butt welds -- 
head and tail stock and rotary feed-throughs, 
driving chucks for producing circumferential welds 
-- clamps for closed loop tubing and other work 
which is extremely long or cumbersome where the 
weld 4s made by revolving the gun around the work, 
Pig.4. 

Vertical or horizontal welds in upright parts 
which cannot be moved easily are made by moving 
the gun across the work, 

Irregularly shaped or tapered materials can 
be welded by programming the weld parameters using 
numerically controlled, analog or cam-operated 
follower systems, Fig.5. 
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Fig. 3(b) Schematic diagrain of diffuston and roughing 
pump 
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The electrical installation of the machine in- 
eludes the electron-beam gun, Fig.6, which con- 
sists essentially of a heated filament of tungsten 
or tantalum used as the electron source. An anode 
and cathode, comprising beam-forming electrodes 
for shaping the beam, and an electromagnetic fo- 
eusing coil for focusing the beam at the surface 
of the work. Electrons emitted from the filament 
are accelerated by the electric field developed 
vetween the anode and the cathode, are directed 
through a hole in the anode, and travel threush 
the field-free space below the anode through the 
magnetic focus ooil. and onto the work. A hish- 
voltage power supply, capable of handling as much 
as 1 amp at accelerating potentials of 30,000 volts 
er 500 nflliamp at accelerating potentials of 
60,000 volts 49 requtred for opmrating the aun. 
Adequate saforuards are provided to insure thet 
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Fig. 3(4) ‘ Control 


the high-voltage power supply is off whenever the 
gun is accessible to the operator. Controls for 
regulating the accelerating potential, filament 
current, focus current, work or gun velocities, 
and positioning, are all made readily accessible 
at the operator's pendant station outside the 
chamber, 


Fig. 4 Head and tail stock mounted on carriage, showing han- 
dling equipment . 


WELDING OF LARGE COMPONENTS 


ead 
Inasmuch as, at first thought, it would ap- 
pear that the piece parts to be welded by the elec- 
¥ | 
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Fig.-S Cam-follower arrangement 


tron-beam welding procets must be smajles than the 
‘avatlablo Vacuiun ehamber, dontidorable worse has 
‘been done in an offort to overvome this Limitation 
by attempting to develop cquipment and methods 
‘whereby large structures could be welded, and at 
the same time retain the advantages inherent in 
‘the electron-beam welding process; e.g., much ex- 
perimental work has been going on for several 
years in an attempt to produce an electron beam 
‘ef high power density, passing it through a series 
‘of orifices which are separated by differentials 
in pressure, and finally out into air or an inert- 
- gas atmosphere to be directed finally to the work. 
fo date, the results of this work has not been 
‘very fruitful, although welds in 1/hein, stainless 
steel, having a depth-to-width ratio close to 3:1 
have been produced, However, the basic difficulty 
lies in the fact that to produce these welds, it 
4s necessary for the work to be placed between 
0,040 - 1/4 in, from the gun. Aside from the fact 
| that the welds produced in this manner cannot be 
as clean as those produced in vacuum and are simi- 
| lar to the type of welds made by the TIG welding 
process, it appears as if even though this type 
If weld 1s acceptibdle, the application of this 
process would be quite limited, as it is usually 
‘mecessary to clamp the piece parts, thus making it 
difficult to place the gun as close as required, 
Increasing the distance from gun to work has a 
marked effect upon penetration of the weld because 
of the decreased current density caused by the loss 
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Fig.6(6) Electron-beam gun cross section 


of energy in the electron beam throush collision 
and scattering, For example, increasing the dis- 
tance from 1/4 to 1 in. decreases penetration ty 
a factor of 7. Since the very narrow clean welds 
obtainable in a vacuum cannot be obtained in tris 
manner, one wonders why TIG welding should not te 
used where the type of welds produced by electron 
beam in air are acceptable. 

Another attempt to duplicate the quality of 
welds produced by the electron-beam vacuum has been 
through the use of the laser. In this process, 
the high-density monochromatic, coherent bundle 
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' Fig.7 Welding of continuous lengths of refractory metal 

! tubing at NASA Lewis Research Center, Cleveland, Ohio. 
tubing passes through vacuum seals located on cach chamber 
door > 


of lisht emitted in a pulse having a duration of 
approximately 1 millisee is directed through a 
lens and focused to the surface of the work, tho 
high enersy Jn the beam heating the material suf- 
ficiently to cause it to melt and vaporize. Al- 
thouvh some Joining has been attempted in several 
laboratories, the results reported to date by this 
method have not been generally satisfactory even 
in the thinnest materials, chiefly because the 
energy, although highly concentrated, is of short 
duration, What 1s required is a continuous laser 
beam of sufficient power, several kilowatts, which 
could be controlled in intensity. 

Several very interesting methods by which 
parts larger than the vacuum chamber have been 


welded, and by which the highest quality electron- 


beam welds in vacuum are produced, have already 
been developed, manufactured, and put to use. One 
of the systems solved the problem of butt-welding 
: ‘ long-diameter tubing. This was accomplished in a 
rather simple manner by inserting a plug in each 
“of the tubes close to the end to be welded, sup- 
porting the tubes adequately and passing them into 
the vacuum chamber through plates which serve as 
rotating seals -- the tubes being fixed and sealed 
to the plate by inflatable rubber seals -- the 
sliding seal being made part of the plate which 
itself was well guided in relation to the vacuum 
chamber, 
3 Another method was to add extensions to the 
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tubing at NASA 


Fig.9 NASA complete machine installation 


chamber so that 12-ft-long parts could be accom- 
modated as in Fig.2. H ji ; 

Another interesting application ts that 41- 
lustrated in Pigs.7,.8 and 9J Tris installation 
was made for the purpose of producing longs lengths 
of refractory tubing from the shorter lengths which 
are available from the manufacturers of this mate- 
rial, At tho left of Fig.7 ean be seen a tube 
which is passed into the chamber through a fixed 

. ; | 
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Fig.10 Local clamp-on chamber concept 


‘O-ring seal. The second tube to which this tube 


4s to be wolded may be sean at tho roar of tho 
machine. FPig.8 shows the mothod by which tho weld 
4s made, The gun is mounted on a rotating fixture 
within the chamber. The electron beam 48 dirocted 
to the Joint and the electron gun is rotated in 
‘the fixture about the tude, thus making a oontinu- 
ous ciroular seam around the tube. The table upon 
whioh the gun is mounted is driven by a motor whose 
speed is controlled by 2a feedback-regulated motor 
‘control. Fig.9 shows the complete installation 
-with control console and recording equipment used 
to nonitor beam current, voltage, and motor speeds. 
Another interesting application is that for 
welding segments to produce very large-diameter 
rings in heavy materials, An example of the type 
work that may be done with this equipment is the 
| fadrieation of the circumferential stiffening 
rings used in the construction of a submarine hull. 
_ Pig.10 illustrates how this was accomplished, In- 
| asmuch as sections for this type joining are uni- 
form, although not always rectangular, it was pos- 
sidle to produce a vacuum chamber which could be 
clanped locally at the area where the welding was 
o be done. The segments to be welded together 
are held in position with suitable fixtures. The 
w2aeuun chamber is then clamped around the parts, 
and dy neans of an electron-beam gun, which moves 


_ Seward inside the chamber, the welding is accon- 
| plished, 
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Fig.11 Transverse (Y-axis) electron-beamegun travel 
mechanisin. Gun traverses 22 in. actors 50 x 49 x 42-in, 
chatnber 


WELDING OF DISSIMILAR MATERIALS 


Attempts to wold nnusil combinations of mate 
rial by means of tho electron-beam welder have 
been made, Among the combinations reported have 
been tungsten to molybdenum, iridium to tantalum, 
columbium to kovar, stainless steel to aluminun, 
titanium to aluminum, inconel to tantalum, copper 
to titanium, copper to aluminum, copper to stain- 
less steel, stainless steel to titanium, and so 
on. Although many of these combinations can te 
joined, and produce high-strength welds, one cannot 
hail the electron-beam welding process as a means 
for welding metals which are by their nature in- 
compatible, Welds made in certain combinations oF 
metals may appear to be welded put may not be 
structurally useful welds, and they would be in- 
capable of carrying a reasonable load. 

In a true fusion weld, the two metacs a 
brought to the melting point and upon coolins 
a cast structure, Cast structures o7 Jisstatla 
metals might be alloys of the two metals or me 
mechanical mixtures. The tendency of the two 
similar metals to form solid-solution alloys which 
are essentially mixtures of the atoms of the two 
metals depends upon 
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1 The atomic diameter, 

2 The tendency of the metals to form inter- 
metallic compounds. 

If the atomic diameter of the two metals does 
' not differ ty more than 14 percent, there is a good 
possibility that the metals will form a solid-solu- 
tion alloy, 
for exch other, they wil) form intermetallic come 
pounds 4n preference to solid-solution alloys. 
These intermetallic compounds, if dispersed uni- 
formly in the parent metal, may impart peneficial 
properties to the metal. However, should large 
areas of. the intermetallic compound form, the re- 
sult 4s a weak structure. When an attempt is made 
to weld the following combinations 


stainless steel 
titanium 
Aluminun titanium 
Copper aluminum 
Stainless steel to titanium 


Aluminum 
Copper 


they form intermetallic compounds between the two 
base metals and in various combinations with their 


alloying elements which cannot be dispersed through- 


out the metal, and thus the result is a brittle 
‘structure. 

In relation to the welding of copper to alu- 
tinum, the aluminum being the more electronega- 
tive, will behave.as the solute and will alloy as 
sletermined by the electron atom concentrate ratio 
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If the two metaly have a great affinity 


OSS, 


i 

| 

| 

| 
to approximately 12 percent, However, in tne 
6061 metals there are several alloying ayenuts 
which form intermetalls< compounds , and thus pro- 
duce a joint which is brittle. Adding, a 0,040-in, 
strip of SO aluminum between the a} uminum and 
copper produced a wejsd whioh exhibited much better 
propertias than the strateht GOG1 alumtaun-to- 
copper joint. 

In regard to the alloying of copper to tita- 
nium, the differences in atomic radii and valence 
do not lend themselves to forming strong bonds. 

In the stainless steel-to-titanium combina- 
tion, a mixture in excess o 4 percent fron in 
titanium will lead to extremely brittle structures. 


.In welding this combination|, the electron beam is 


so directed that it favors the stainless steel and 
melts. only a limited amount! of titanium to keep 
its concentration below 4 percent. 

In all the combinations where one of the 
metals was aluminum, an addition of a SO aluminum 
strip 0.040 in, thick between the dissimilar plates 
4n the 3/16-1n, material produced joints which 
were better in appearance and exhibited greater 
strength than those made without the addition of 
the filler. 

Joints can be formed in dissimilar tetals 
when the atomic-size crystal structure and lattice 
dimensions are not entirely favorable, but the 
joints are weak and nonuniform, However, it is 
quite possible that these joints may be satisfac- 
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Fig. 13 Closed-loop welds. Rotating gun around sta- 
tionary work 


Fig.14 Turbine whccl to shaft assembly. Courtesy of Con- 
Upental Aviation and Engincering Corporation, Toledo, Ohio 


Fig. 15 Electron-beam-welded turbine component. 
Aircsearch Manufacturing Company 


tory for strictly sealing purposes where the well 
4s under no stress and in those applications where 
the bond will be lightly loaded. : 

In the welding of stainless stecl to copper, 
4¢ was found that the weld should be rich in copper 
to avoid cracking. An overlap weld, in which the 
copper is placed above the stainless steel with 
the beam impinging upon the coppcr, results in 2 
very satisfactory weld, inasmuch as the copper is 
driven down into the stainless steel. In butt- 
welding copper to stainless steel, the beam is 
adjusted so that the copper 4s favored in order 
that too much stainless steel is not brought into 
the copper. Very often the weldability of a mate- 
rial may be improved by 2 filler material, or by 
welding it to a different material; ¢.g., welds 
4n Inconel 713-C are invariably cracked, If a 
thin filler of Udimet 730 is placed in the weid 
area, a-orack-free weld will result, Also, welds 
made betwoen 713-C and Udimet 700 are erack-free 
and structurally sound. 


WORK-HANDLING METHODS 


Tho handling of work in the electron-boum 
‘vacuum ohamber is an extremely important cons td- 
eration'’to whioh muoh thought must be xiven so the 
work aan be hold and moved with the yreoatent ef- 
flatenoy, and the matertal olamped and held to 
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Fig.16 Cap welded to mercury-filled 1)2-in, 
: tube . 


such a position that the best possible weld will 
result. In production, an electron-beam welder 
ray be called upon to produce the following ena 
type of welded Jotntas, 


Fiat Linear Butt or Lap Joints 
These can be obtained by transporting the 
work beneath the beam on a moving table or by 


Fig. 17(a) Annular welding of large parts mounted hor{zontally 


-across the 50 x 30 x 52-in, chamber. 
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moving, the electron-beam gun ont: s the work, 
Figs.11 and 12 illustrate mechanisms for this 
type work, In Fig.l, the eleotton-beam gun is 
supported on @ “woll- guided carriage operated by a 
ball-screw mechanism, The gun traverses 22 in, 
With the gun 
stationary, the carriage 4s move along the X-axis 
to perform linear welding in this direction. i 
Through the use of automatic programming controls, 
either of the cam type or numerically controlled 
type acting in conjunction with |the Sciakydyne 
Zero Error Servo systems and dce~drive motors, ir- 
reguiar shaped parts may be welded with the beam 
following the contour of the paxt. 
Fig.12 shows a 108 x 62 x g2-4n, chamber in 
which the gun is moved along the X-axis for longi- 
tudinal welding along the full jength of the cham- 
ber, and where the high-voltage jand filament cur- 
rent is carried to the moving by brushes riding 
on two contact bars, The use of a moving gun with- 
in the chamber in this manner gives one the full 
utilization of the chamber, as parts a few inches 
smaller than the full length of|the chamber may be 
wolded in one pass. 


Closed-Loop Welds _on Extremely Long or Cumbersome 


Parts by Revolving Gun Around Stationary Work 
This is Lllustrated in Fiy)13. 


| 
Girth Welds (Circumferontinl Welds) 


These arc made by rotating the work around the 
X or Y-axis in a head and tail stock, Figs.14 and 
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Fig.17(c) Weld positioner attached to electron-beam chamber for rotating 
heavy weldment in vertical plane 


‘hen weide 


Fig.l illustrates the circumferential elec- X- or Y-axis in a head and tall stock. 
de 


S m-beam welds in the joining of turbine wheels ing, the gun remains stationary but can then 
oe shaft assemblies, To make 2 girth or circum. moved along the shaft to the next seam location. 
j7rential weld, the part can be rotated about the In this type of production application, four cir- 
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Fig. 19(a) View of electron-beam split chamber with section of Y-ring in place 


cumferential welds are made, Illustrated is 2 
‘profile of the turbine-shaft assembly as viewed 
from the large center port of the vacuum chamber. 
fhe materials in the various components of the 
‘assembly are A286 stainless steel, 17-22A steel, 
SAE-4130 steel and SAE-4140 steel. The shaft has 
an od of 51/2 in, 

Fig.15 is another 4llustration of an electron- 
beam-welded turbine component used for a turbo 


| supercharger application for earth-moving equipment. in the chamber, 


fhe turbine wheel is welded to the shaft by a cir- 
| ounferential girth weld after which the journal- 
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: | . 
bearing areas are given a single machining, and 
grinding. The illustration to the right 1s a sec- 
tion view of the turbine wheel to shaft weld, show- 
ing joint design and welding conditions, 
Annular Welds | : . 

These are made by rotating the work in 2 
chuck or a turntable beneath jthe gun or on a turn- 
table supported through one ef the other openings 

Figs. 16 and 17 illustrate arranye- 

ments of this type. “ 

In Pig.16 a 1/2-in. stainless-steel or tanta- 

. 2 * i . 


| 
| 
| 
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Fig. 19(b) Overall view of split chamber of large ring welder 


Jum tubo is held in a chuok, and a ohp is wolded 


to seal the tube by directing the beam of electrons 


at an angle to the Joint to be welded, 

Pig.17 illustrates the electron-beam welding 
of large circular components with the gun in the 
vertical position and the weldments rotated be- 
neath, : 


Vertical or Horizontal Welds in Upright Parts 
Which Cannot be Easily Moved 

The welding in this case 4s accomplished by 
moving the gun vertically along the required joint 
with the work held stationary, Figs.18 and 19. 

This type of operation is utilized in the 
welding of large rings, wheels, or stiffeners up 
to 50 ft dia through the use of a welding machine 
tn which the vacuum chamber is clamped locally 
ground the area where the joint is to be made, 

Pig.19 illustrates a unit of this type which 
¥3S recently delivered, and which was designed for 
the purpose of welding 30-ft dia rings 2% x 21/2 
ta. im cross-section. : 


Zarly efforts to utilize electron-beam welding 
iets concentrated upon metals having a thickness 
= tate in. or less and upon microjoining. When 
+l .stry recognized the tremendous potential that 
selding heavy sections and the advantages 
aes = ee use of the electron-beam welding 
*¥ tn foining high-strensth thermal-reistance 


Fig.20 Electron-beam welds in 1 to 2-in. stainless steel, 
welded at 15-in. gun-to-work distance 


metals, a demand was created for machines capable 
of handling large parts. Electron-beam welding 


’ machines capable of handling piece parts 7 ft long, 


and 5-ft-dia rings, have been delivered to the 
aerospace industry to fabricate many jet and rock- 
et-engine components having critical strength-to- 
weight requirements. These machines are fitted 
with high-power electron-beam guns and are called 
upon to weld high-temperature materials more 
2-in, thick. : 

One of the major problems in the preauct ion 
of rocket-propulsion systems is the htsh cost of 
machine ‘tools for precision machining of hish- 
strength, thermal-resistance alloys, Electron- 
beam welding provides @ practical and economtca! 
method for producing high-strennth welds, usin: 
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ig. 21(b) 


Weld in 62/4-in. aluminum Type 5456-H343 


‘components machined from plate and bar stock. 


fhroughn the use of electron-beam welding, costly 
forgings and forging dies can be reduced or pos- 
sibly eliminated, Metal-cutting costs are reduced 
because smaller rough sizes can be used, and lead 
time is reduced for the production of research and 
development parts. : 
Fig.20 shows electron-beam welds made in 

stainless steel in various thicknesses from 1 to 
2 in, with the electron-beam gun held at a dis- 
tance of 15 in. from the work, 

* Pig.2i illustrates welds made in 2,4-in, 


| 2219 aluminum, 5-in. 5083 aluminum, and 61/4-in, 


| 7075 aluminum, 


Ghese welds were all made with a 


} power of 30 kw at speeds of 43 ipm, 20 ipm, and 
“12 apm, respectively, and they illustrate the re- 


markable penetration and extremely narrow heat- 
affected zone characteristic of electron-beam weld- 
ing. 


¥ In contrast to the welding of heavy materials, 
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a 
Fig. 22(a) Weld in 0. 604-In-thick 362 stainless-steel foll 


Fig. 22(b) Weld in 0. 0015-in-thick 17-7Ph alloy foil 


Pig.22 shows welds made in 0,015-in. foil of 17-7PIt 
alloy, and 302 stainless stee} of 0,004-in, thick- 
ness, Fig.23 shows a section of a T-Joint made in 
0.030-in-thick magnesium, AZ-31B-0, 

In recent test conducted jin Rocketdyne's 
Materials Laboratory, test bars of Inconel 718, 
21/4 x 19/16 in., were st One sample was 
welded by the electron bean, dnd a second by the 
™IG welding process. The eleqtron-beam sample was 
also given a cover pass by the TIG process, this 
being necessary because at the time there was no 
electron-beam weldinz, equipment available on the 
West Coast to completely penetrate Inconel 718 in 
a single pass. 

The shrinkase in the ring of the TIG welding 
bar amounted to 0,107 In,, while the electron- 
beam welded sample ahrank only C.cO% in, 

1 "Zlectron Beun Teatmolojy ." by KR, ?. Atel and 
U. B. Chappell, Paper No. 4&9), American Society of 
fool & Manufacturing Engineers, Detroit, Mich. 


Fig. 23 Comparison of MIG to electron-beam weld in 1/2. 
in-thick Type 304 stainless stecl - 


Fig.24 Comparison of MIG to electron- 
beam weld in 5-in-thick aluminum, 
Type 2219 


fhe specimens were shear tested at -320 P. 
The TIG sample failed at 198,000 psi, and the 
electron-beam sample failed at 223,000 psi, The 
TIG welding was distorted 0.02 in, in 3 in, but 
there was no measurable angular distortion on the 
electron-beam welded part, A total of 10 hr was 
required to weld the TIG specimen, The electron- 
beam specimen required 1/2 hr for the weld, in- 
eluding setup and an additional 2/2 hr for the 
TIG cover pass which normally would not be re- 
quired, 
¥ The foregoing illustrates the benefits to be 
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Fig.25 0.002-in dia hole drilled by clectron beain through 
0. 050-in-thick type 302 stainless steel 


gained in utilizing the electron-beam weldinz 
process, 

Fig.23 gives a graphic Zllustration of con- 
parative weld widths of MIG and electron-beass 
wolds, The material is 0.5-in-thick, 30K statn- 
less stool, The material was first MIG welded and 
thon a paso was made through the center of the HIG 
wolded sanplo. 

Pig.21 shows « weld made in 2tetnethick 
2219 187 aluminum alloy, This square butt Joint 
was produced in one pass at 43 ipm, In contrast 
to this, we can cite the procedure used by one 
fabricator to MIG weld butt joints in z-in-taicz 
forgings of the samo alloys. 

I-Groove joint preparation 1s used and ap- 
proximately 42 passes are required to procuce 
each joint. All passes are wire brushed and light- 
ly ground to remove ripple contamination, Suc- 


‘eessful welds are made on opposite sides of the 


joint to reduce warpage. 

Radiographic inspection is conducted after 
every three passes until the joint is atout one 
half filled.* It 4s interesting to compare the 
energy input for each process. The enersy input 
per pass for MIG welding is approximately 16.5 
kilo-joules per inch per pass, or 2 total of 6930 
kilo-joules per inch of joint. For electron-bean 
welding, 1t is 41.8 kilo-joules per inch of joint, 

The advantages of electron-bea= welding this 
heavy structure are apparent: (a) The square butt 
joint is less expensive to prepare. and sinter to 
align, than 1s the J-Groove with Ufsetneland. (2) 


2 "he Use of Electron Beam to Sabricate Struc- 
tural fenders," by W. J. Parrell. Anertean Soclety 
of Tool & Manufacturing Engince-s- Detroit, Nich, 
May 1963, : : 


a 
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A single-pass weld is completed in a fraction of 
the time required for the MIG welded joint. (0) 
Shrinkage and warpage are greatly reduced, The 
transverse shrinkage at the electron-beam weld was 
——earefully measured and-found to be 0,005 in. 
Shrinkage perpendicular to an electric-are butt 
Weld 4s reported to be approximately 2/4 in, per 
sq in. of the weld cross section. 
fhe ability of the electron beam to weld heavy 
sections in one pass reduces distortion of the 
piece parts, which factor simplifies the tooling 
_ required to hold the joint in alignment during 
welding, The superior physical properties of the 
weld Joint make the electron-beam ee RTccees 
economically desirable. 


Other Applications of Electron-Beam Equipment 


An: electron-beam welding machine has many 3 
other applications besides the joining of metals. 
The elestron-beam gun, when utilized for welding, 
is usually so adjusted so as to produce a high- 
power density beam which penetrates the work to 
a great depth, and “produces a narrow heat-affected 
zone around the joint being made, eae same gun 


may bo adjusted for other operations such as malt- 
ing, zone refining, drilling of holes in netal, 
deposition by evaporation, and jchanging properties 
of plastics, Refractory metals may be refined in 
the vacuum chamber by placing the metal in a copper 
boat in which a semi-circular Exooxe has been ma- 
chined, allowing the electron beam to play on the 
metal moving the gun or the work. in relation to 
the electron-beam gun back and j|forth in order to 
melt the material, ‘Vapor deposition may be ac- — 
complished by playing the beamjon the material 
placed in a crucible, and placing the parts which 


“are desired to be coated by the material several 


4nehes away from the crucible.| Thin-film studies 
may ‘be conducted in this manner, and any material 
may de evaporated and recondensed on a plate. 
FPig.25 is an enlarged photo ofa hole drilled in 
0.050-in, stainless steel by oe electron-bean 
welder. 
It is interesting to note! how widespread the 
electron-beam art has become, and the wide ranse 
of applications which are being satisfied since 
Dr. Stohr of the French Atomic] Energy Commission 
first applied this process. 
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K In re applicatica of nea eee 
. Jacques Andre Rese Stee [a peat io, 400 93 - 


S Ser. Yo. 393,600 : . Bofors the Board cf {Rypsale 
Filsd July 10, 1964 2 
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‘ Martin B&B, Hogan, oe Por Appellant aANLED | 


wuL says 


nie - = (": ay ayart 
Exasihero Anowar Niue. Seater se 4 
- : | 


: ‘ ade ciel is an appeal fro the ones rajesticn 
|. Of oleiue 2-12. Se Remuera eres creates eo 
3, Clatus 2 wtands dllvued. fe 

3. The references of record relied upoh ares 


‘2 78, 926. Ee Je Schneider 
_. (Piled Sept. 4,- 1952) ~ 


Baier Bean Welding" - Se taky Bulletin Ho. 344 = 
. April a - Copy in Crone 210 219E.B, 

“AL ‘the aes to Schneider, aa indicated 
in eolum 1, paragraph 4, teaches soldering or welding 
ae eoeter tuo bodies by “bouburding portions of said if 
‘bodies. by electeons Bo a8 to heat said portions of aaid 
’ bodies, and joining said portions of said Louies, ie 
: working bean of Schneider can be varied in ‘Intensity, 

, Acotunn 2 lines 25 and 26) and fosuszed (colunn 3, 
3 lines 37-39). ‘Tre work being welded 1s furthee dis- 


posed in & vacuum (coun 3, ling 48), In coluzn 4, 


act 


Serial Ho. 393,800 
atppoat No. 400 95 - 


“yines 63-59, a partioular welding nethod 6 doooribed, 


cen perer ener enn a 


wherein the contact area of two elements to be oats 


ass heatéd by. elestron poubar die ent to promots fusion 
. bonding. me : e priate clenemena en = 
face Sion eeniocerod Bean ‘elains" ; tha setay 
oe bulletin, deseribes the Stolir apparatus in tha section 
“!Eectron Beaa Velding Developuent” , Sach apparatus 


- ‘operated at e5000volte and had Limited fosusaing capa 


REA ROO PO TENN * 
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bilities. fhe weld produced had a typfLoal depth- -to- 
ss width ratio of unity, enavactertatia of welda whitch | 
=a rely upon heat conduction to pesducea the deatied 
fusion depth. ‘Me fourth paragvaph, colwin 2, poac 
ies indSeates Unt | Lulou 30xv, sop veldtag could nat 
Ne acconpltshed wits a guar having the reyulalts high 
- powcr beam density “was dsveloped Ly Satal:y. ghe Vast 
paragraph on page 2 indicates that "at low beam Incen- - 
pity Horwal heat conduction laws are applicabla aid 
the weld has a depths -to- width ratio of uaity., If the ‘ 
_ bears intensity 18 ‘Increased, nersiee cat oondustion 
does not take place ahi Vislds having 20 to } depthi-to- 
width ratio -can be obtained.” 


te Class 2-5 and 10-12 stand finally re- 
jected aa unpatentable over 3 Sehneider. ane patent 
ce to Schneider disclowes a tethod of welding & contact 
" to a eeni-condustor by weans of an-electron beaa,. 


~ In porfore Ing the wold the work $e dluposed ina 
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_” Berfal Mo, 393,800.) ° * % 
Tae See Yo, 460 95 eae =e : Sian “eo 34 
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Song and subjected to a Devise and eee re- 

* guiated. electron beau directed’ at the junotion of the) 

S Aoers es welded. ho claimed otep of effecting) - 
Pollative sation between the beaw and work to fora a te 
‘continuous pedi 18 considered obvious undci 35 U.S.0, 


ee 103... Se teaches phat tuo elements can bse 


be nee ta AOE OER ARI NA OR AY OEY ORAL SOA pane POG we 
; Ts F 3 - ; 


: welded by BN “electron beam, Whether or not the veld 


; constitutes an ‘extended B24 ab Claimod or 16 &@ opat 


+2 eeynee 


‘weld 8 in Sshiicider departs in obvious choice anky. 

7. Glains 6-9 atand finally rejected aa 
not supported by disclosure. Ghe concepts oF Welding 
wivhou rel fence upon Eat conduction and setting the 


bean intensity BO as to Sffect work penetvation avé 
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(ot enmmoecegers tess : 


beyond the, Boone of this application a8 filed. 
; RESPOUSE §O -ALLEAATTOUS 


6, With reapect to claims 6-9 herain, 
corresponding substantially to claina. 2, 4, 5 and 6° 
in parent appeal Ho, 264 éh, the Examines elles on | 
‘the Exsalner's Answer in Appeal Wo. BH oh, ene | 

soularly pages 6-9. The addition of "tn @& vac sauna” | 


= to ‘instant claius o- 9 does not chengs the ground of | 


RE Re tt 


“rejection as to lack of disclosures. Obviously, the 


“ppecttication Wild support such Timitation, 


-S. The affidavit by J.L, Saloon noted 

’ ° . - | 
by Seaticanc is considered inconolusive in eupporting. 
2 sppicant's postion that claims 6- -9 are supported by, 


disclosure. Insofar ad Selaky Bros. being able to 
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serial Ho. 393, 800 Cece ees aan 
Appeah) 13. 460 95 f fey . ‘sm he 
= on eet sees 
x. “construct an ‘operable Vreldew yieh: the Stohr. patent. 
“ teaching B, tits appears only. BueeoCse The patent 
contains enough {information to enable. those picilled 


in tha ere to conateust ths necessary apparatus, 


“otheruise even the single patent’ olain would havs. 


ane At “8 MOY TS OL IUCN FG LO LAS F ae aetrs ot ea ee 


" been rejected a8 nat aupported ty diaclosure, The 
affidavit ta paragraph 5 states woe equipment hes 
been designsd ia CERES OSS. with the Stohr teaching4a 

: which’ will CAN & hii h- ~depth-to width ratio, _ Just 
what ths teachings of Sto conutst hi zoe noted. 

' For example, is thse teashing of Stske that & cent 
“weld can be effected by electroa beau Lonbardiaent? 

: “tt BO, then what deslen work wok necessary to produce. 
& weld having a hil depth~ ~to-ulduh ratio? “tie Broad 
allegation that & weld such as la claiy 9 could be 


ie produced by a saching desizncd by “Sofaky following 


sted + Lae t Rt emee gee TSS FRE OE RASS aeewers ore are Te TROY 
. . . 


om bane unspecified teaching of Stohr is in the opinion: 


7 of the Examiner ine onclusive. 


egret 


nn 360, With refercice to dlasas “a-5 aud 10-. 
12, apphicant discudues the Schneider patent. it 
is pointed, out that the 8. stuicider patent wad of re- 
cord in the original Stohr patent and not taken ay 
seriously. On hac this conclusion La based La not” 
in ngtesners It is furthse ate bted thac’Schnetder does 


not disclose 65 the Exautner states ~ & nethod of 


Seee yee POR te OE INE eet Sarre Oe 


= welding a contact to a bemloonductor base by means 


wo tytee 


of an “electron bean", Coluan A étarting at aaa 65 
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Appeal, No. Oo 95 See area Ss esac 
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“or Schnsidor 16 quoted OB | fol lsust “the contact peans 
‘are attached to the cryatal by hoating tha point of | 


contact by a beaia of 6lestrons for & shore tlue. Phe 


orystel 6 used consist of seml- conductive Kiulevis) 


: auch a6 geriant us or siliciua"..” fre quoted portt=s| 


would. appear to auply Support the Ezaminer"s abatement. 


22, For the Ebove reasons, it is oe 
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‘fully re equeated that- the final rejection or ole iiss 
‘g-22 be sustained, 
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1H THE ce STATES PATENT OPPICE 


Ca ar ‘applicant cae Jacques aynaice Stohr- 
= PohED ey Ser. Yo. : .. 393,800 : 

iS (4 gas “3. +, July 10, 1964 

fe Mes \. Metal Welding Rods ; 

4 hs q k ‘5 Group = ats Sz ) APPERL tio. 390-95 
lg, ay - = ; 2 J < : 


Hon. Commissioner of Patents 
Washington, D.C. 


Sir: 


qe ee RO anne Ane rage se ONE 


Ss EES CSS gated July 14, 1965 has been 


carefully considered. 


It is noted that, in ‘paragraph 3 of the Answer ‘the 
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‘ Examiner states that the references of record relied upon eis 
Sehneidér patent 2,778, eee and “Electron Bean Welding" > 


“seiaky ‘Bulletin Ho. 344 @ated April 1561, 


2 eRe ree mee TONNE BOTY 


The SLSR SAA upon which the Examiner is now rely- 


wee ne 


fae for the sole ‘ejection of the claims in this applicatisn os 
references is the same Schneider goscie 2, 78, $26 vhich was 
Hh made of record in the prosecet in of the Stohr patent application 
maturing into patent 2,932, 720, of which this present applicxticn, 
“is a reissue. 
“whe invention of applicant Stohr was distinguished over 
the schneider patent in the original prosecutisn’ of the Scchr 
Da ec Schneider is coupletely lacking ia a Srdtice 


of the invention. of claims 2-5 and 10- -12, to Ghich the Bxsminer 


‘attempts to apply Schneider. as a reference, as it vas the 


an 5, ; P 
meters teen TTR laigesRebestar ae 


into sassS 


Lowe te tng! PORN VepRseen Ae were e viemets = EH TENE WON L OET ES ST enn ieme Terra amo? 


sarees 


“ 


ee a. 
an SS SS ia: 


Invention of the original al 


-claim 1 and the present claims are metho clains ana all relate 


con features of the invention 


or controlicd aisplaceitent fe) 


beam Socrses on a Bpot could 


mee ne ne ne rt 


Strats SESS 


the analysis of the Schneide 


te 


‘adnits Scuneeaety 8 conpleté 


, The Exasiner in paragrarh 3 haa referred to Sera 


ci ot “record rolica | upon" and under this Renting includes a ae 


publication dated hori 1561, 


“ #iting date: in ‘the united ‘States is ‘January 17, 1957 and 
applicant‘ 3 priority date in France is January 15, 1956. It is 


a quite apparent that pxanines has erred in citing aa hocid 1501 


j publication against subject 


"the United States in January ie Applicant requesta that tha 


E publication of more than four years after applicant* . ‘filing 


date should be withdrawn’ on 


fin error. in citing a fublication of ace a late data and the 


|. record should not stand with this excor in it, 


to: “. : . - 8 


=she Exawiner 3 detailed analysis oe Schneider in Pda ays st 


4 ce his Answer shows Sats chat schneider taught that! an electicn 
” Dockicancs 6 claias Enconpass wore than Peaalnec! fiads in 


f applicant’ r) elains not found in gehneider, the Examiner's silence | 


1 
' 


. 


lowed clain Ae “the original alloved 


where nex is relative movement, 
| . 
x features not: present in Schneider. 


- 


re Te keel 


++ meri: 


fuse “two materials at Sar Spot, 


x teaching, but on ne features in 


lack of aS of the invention, 


| 
| 
t 

| : 
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EC “should be hoted that applicant 


sane wees 


matter of an application filed in 


the record. the ‘examiner is clearly 
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wien reference to the late Ce a it La Bae that 
in pafagraph 5 oo Examiner ' 8 answer ‘the: Exaninex discusses 
this late publication, pac fails to ‘show that it has se 
pertinency to the rejection of the < eicien- In fact, “it is not 
“even referred to in the rejection of the clains in paragraphs 

: 6 and 1 the introduction of this late pop vieaee by the 

Sonor’ under the c caption “reference” can only lead to sens 
Eusion and misunderstanding of the record | of this applicativy 
rt is 3 of interest only to ‘show what has heen done by sciaky 
‘Bros., Booticants exclusive licensee in the United States, in 


the field of welding as the result of the cesoning! of 


aye Sere Anger etet sem erin + 


applicant’ F3 piones exing effort. 


| 
i 
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\ 
} 
| 
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‘ Phe Examiner. emecins in. 1 paragraph 8 that the limication 


in the jctains “in a vacuun” is supported by applicanc's dis- 


fe CEES ane the Examiner does not contest the Face that without 


Ares a PEE che; Glains to tis | invention ves be 


oy cee te eee ramerne ram re ten Ie oun 


We "inoperative. 


The Examiner further concedes in paragraph 9 of the 
i Ansver that the “specification of the application “contains 


enough informat fon ta enabla these skilled in the art to con- 


ee el 


. 


Btruct the RCE prparatus, otherwisa even the sinjle ‘Patent 
clain vould hava been rejected ap not supported by COE ES 


‘therefore, the Examinder has conceded that ag the specification 


As emeesmeree es stiems te 


"32 iid duppoct the Maited clatw 1, which he esand to He allovable, 
it will support the claims with the PEEEEC CLES of claim 1 © 


deleted. It is ebvious that the NE agceeing that the 


en TT eT) ekebidieds 
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in i nn re ree te ae tie 
. e . j 
Cr” ore : et 

f: 


ee 
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‘specification supporting a liniteda cc is adequate to oupport.¢ 


‘ broader. SATA to the sane Subject matter, eh 


xe is believed that this Board of Mopeaiek upon considsca- 


Eton’ of the rejection ‘of applicant* 8 claius, will find ae tha 


4) echnetdex patent ‘ie no better reference now than it jwas KAAS 


| ;attovea claim 1; that the Examiner has not relied upon 


ae Bulletin 344 ana it should be viehdravn on tha record; and that 


ee re on ee ert en a a nnn 


i. the Exaniner has. admitted that . the disclosure is Soalquate to 


- y . | 
those skilled in the’ art to arore clains Ae as-2-12, and 


' therefore claims 2-12 are allevable to applicant. 


Respectfully submitted, 


ns ee en ae ete 


JACQUES ANDKE STOHR 


: ya E> On i 
SFE Si Ns Poe f. 
Bele E. Hogan, Jr, 
His Attorney 


* Washington, D.C. 
“August 3, 1965 


ae triplicate 


Pg Ss gh AT Sr 


st. 


ey 


esas ere neat SST 


ee 


od beset 


‘ 


se te ae rete mente ae ee Ret ne te Nee 


panes Gare 


sitonse OF resents Le ; 
Porton 66.6 U.S, DEPARBMENT OF COMMERT - Papechy, 15 
rears Zea e ; . PATENT GFEICE . 

> , -WASIENG ION 


Aueust 10, 265° 


“ Viarcin B Hogan, Je. °°, "| Appeal No; 400-95 
: =. z Appellant y Jacgticd Ae Seah» 
“- $22 Hunssy Building | mr . Seciat No, 393,059 
’ “Yashington 4, D. C. : . Heating : 
lL a ee . . Deter Gcotober 11, 1505 
. a é enn rae es : Yime: 9:30 A.M. : 
Places BsJl K St. Na.” 
Roam $02 


NOTICE GF REARING 
CGOUFNMATICN REQUIRED WiTrtal PUENTY DAYS 


; ” The appeal i ia ~ Oe above ideatificd Case Gill be hiard by the Board of Appeals Ga the 
date indicated, 
The beatings will commence atthe tine sct aad as suon as the arguccat in Gac case Is 
FOES the SE tase will be talea up. 


The tine allowed for arguacat is thisty minutes unless eddirional lime is requested and 
So before the argumcat is Commenced. . 


By Ordee of fie Board of Appeals. 
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COPE LS, 


Adutaistruive Ofticer 
blu 


NG6FExIs a det to wake the bust etactbes use af the Board's hearing faciliticy, Co. 
FAUATION OF “fH: RE OUI ST FOR ORAL HEARBIG, CINCH [ELS bbe SET AS . 
om ED ABOVE, Is REQUIkED £{rh Wun TwENTS HAVE £WOM DATE OF THIS NOTICE,’ 

‘ , owes ea 
: ee ies oaoan eee a . 
Feiljse-co"ds 20 will be constucd a5 ¢ waives of the seyuest toe thy heariag. 
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Ta GUL-UNLTED, STATES PATENT OfFICE 


1 

i 

| 

ee Bs Jacques he Stohr ~~ ) ; Se coal : | 
Ser, Ho. - 393,800 _ ) ON APPEAL BEFORE TUB ¢ 
». Filed : ‘ July 10, 1964 -) BOARD OF APPEALS — ic 
; For : Metal ene Hathods ). : | 
Group - " 210 _) APPEAL. HO. A00-55 4 

~ Paon. Ccmsissioner of Patents eae | eine ' 
Weghington D.C, eh es Saas . . | ' : a 
6% rn | ; " SES 
Paper No. we in the -above- ~identifiea application: advises | 
: F that the appeal hearing “aute is October 11, eee 9:30 h. Hey! a 
é { 
i. _and appellant ‘conficms the, request for the re hearing. | 
i 
i] 


In view of the complexity of the subject macter of the 


awe ee ce men ee ene Aenea ratem retire 4 me OF 


invention aad the relationship of this. case to the compari. Me 


} application under appeal, Appeal to, 244-64, it is requested 
that appellant } be pranceds oné hour for the oral arg 
ce the appeal on the above- ~identified ‘application, 
" 393,800. ce aevies erate 

‘Respectfully submitted, 
JACQUES A, STOUR 
: Ty fi 
G Sey a 
RO ir ae SS 
a in aoe v 
Martin E. Hogan, Jr. 


it : ae Attorney 
. ft August 23, 1965 : 


creme enone ame pemevemarite ne aeernne wae repent = 


meee spe ctemmmenmmnenes ttt 
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iN THE UUELED STATES PATENT Orvice 

\i 

PApplicants Jacques Andre Stohr’ Ve 
353, 800 ; Ot afr Al. BEROKK THK 
July 10, G4 : Boatw oF APPEALS 
Huatal- Welding GEES ; : 
210 KPERAL NO. 460-95 


dD 
oe peotaionas of Patents 
Ms SEZ TORS Dd. Cc. 


The benefit of the filing aate of the following prior 
i foresgn eppiication filed in the folloulag foreign country 43 
4 hereby requested and “vhe right “of pricrity poeovlied 1a 
35 ‘y.8.C. 129 is hereby clained os th CEN 


‘ application: 


le SET TTS? 


French Application No, 766,704, 


" plied January 19, 1956, 


-For a copy ot paid Rrench applica atiba in Bupport of 


this claim, referénce is made ta the eertified cory filed 


October 1,21 1957 dn application Ser. No, 634,671, now patent 


iyo. 2 932,720, granted April 12, 1960, The niove-Sdentified © 


i application Ser, Yo, 393,850 is a continuation application of 


7: applicant's copending ceiasue application Ser. Ys, 286,617 wtid 
F f AB an application for reissue of aaid patent No. 2,932,720, 
; -Reupeotfully submitted, 


j TAC ques ANDRE STOMn 


Oh TEN. Pye - ae, 


Se =. Hogan, Je, 
LCS 


dpe: a , 
‘i September p 1965 : 


. oe 
1 tn mere 3 nee 


Peete re 
TESS SE Se 


es renee ee ee ane er ten aan era 


“Appeal Mo. 800-95. a aa tate 
" Hearing: : ee 
- October 1, 1985, pees NOY 19 1865 
eee — 1 yg eatea aFvice 
eee ies Seo ‘BOARD OF AEFEALS 


“mu ‘fa wirren STATES PATENT orries: 


-BREORZ TiiZ BOARD OF APFEALS 


.Ex parte Jacqucs Andre Stolu 


, aenvicatine for Patent flied July 10, 1954, 
ose No. 393,600, a continustion of applicaticn Seriel- 
No. 186,617, filed April 9, 1952, and for he velssua of | 
Fatent No. 2 1932, 720, Sion Apvil 12, 1920. Netal 
eae Hethods. - 


-HMartin B, Hogan, Jr, for appellant. 
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Before ‘Kreek. and Keely, enineee in- Chict, oes Andrus, 
oe keting GUESS Sete : 


Kreek, EBxentner-in-Chief, 


hye .°" Phfs is an bppedl Crom the final rejection of cisiss 
-2 to 12, inclusive, Claia 1 tends Bllcwecd. 
7S ‘* The references relied cn arat 


. Schnefder’ ” I ARP Beg ton. ii “Jan. 22, 2 


Bt ere et Ye AERIS | vy te OREN OOS SRR TRIRR PR apres toes E oe 
‘ : “ 


nope eee tas 


wey 
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= pe _ “Blectron Béan Welding", Setaky Bullétin Ho. 345, pe 
| 
“4 
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The present invention relates to methods for welding 
. metals.” . 

its chief object is to eliminate any risk of oxidation of 
the metals during their welding. 

It is essentially characterized by the fact of placing in a 
space where 2 high vacuum can be achieved, on the onc 
hand the metal pieces to be welded together, and on the 
other hand a source of electrons capable of bombarding 
said pieces, means being provided to give the arca of im- 
pact of said electrons on said pieces dimensions which are 
quite definite and adjustable and to displace in any desir- 
able fashion this impact area (in which the metal pieces 
are melted), with respect to said pieces, in particular in 


such manner as to place it at any time on a line along’ 


which welding is to be performed. 

It should be reminded that, during welding operations, 
it is necessary to protect the metals to be welded against 
oxidation by making use of a suitable atmosphere. 

Such an atmosphere may be constituted by gases, such 
as argon or helium, which are chemically neutral with 
respect to the metals to be welded. But this solution 
necessitates a perfect purification of these gases, which is 
@ifficult to obtain for spaces of relatively large volume. 
_ Vacuum, or highly rarefied atmosphere, also complics 
with the desired protection conditions, but this solution 
cannot be used in the case of conventional welding 
methods because a blow-pipe cannot, work in a vacuum. 

According to the present invention, these drawbacks 
aro obviated by effecting the welding operation by elec- 
tronic bombardment of the pieces to’ be welded in an at- 
mosphere which is as rarcfied as it may be desired. 

All the parameters which may influence the welding 


operation are made adjustable at will, to wit in particular ° 


the intensity of the electronic current, the electron ac- 
celeration voltage, the characteristics of the lens or Icnscs 
for concentrating electrons, the residual pressure and the 
nature of the gas present in the space where the operation 
is effected, the relative displacements between the source 
of electrons and the pieces, and so on. 

Vacuum in the welding space is obtained in any desir- 
able fashion known for the obtainment of a vacuum, for 
instance by means of blade pumps, diffusion pumps, 
molecular pumps, and so on. : ; 

Welding may be effected— 

Either in a continuous fashion, the clectronic current 
being uninterrupted and the arca of melting metal mov- 
ing regularly along the welding line; 

Or in 2 discontinuous fashion, the electron accelerating 
voltage being periodically cut off and the electronic cur- 
- rent being constituted by a succession of impulses: weld- 
ing is then effected by a succession of spots which partly 
overlap one another, and the time for which a metal area 
is subjected to melting is considerably reduced with re- 
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spect to the case where welding is continuous, which per- 
mits of applying a higher energy on every impulse. 

Preferred embodiments of the present invention will be 
hereinafter described with reference to the accompanying ~ 
drawings, given mercly by way of example and in which: 

Fig. 1 diagrammatically shows, partly in axial section, 
partly in elevation, a first embodiment of an apparatus 
for carrying out the method according to the present in- 
vention. 

Fig. 2 is a diagrammatic perspective view showing a 


second apparatus for carrying out said invention. 


In both of these examples, 1 designates a linc of weld- 
ing to be obtaincd, 2 and 3 two metallic pieces juxtaposed 
along this line 1, 4 the filament of a cathode 5 emitting 
electrons the flux of which is directed and concentrated 
by an electronic Iens 6 onto the point of impact 7, and & 
a gas-tight enclosure containing the whole of the above 
stated elements, connected with a pumping device located 
in casing 9, to keep the vacuum at the desired value. 

In the first embodiment illustrated by Fig. 1, accelcra- 
tion of the electrons is obtained by means of an accelerat- 
ing electrode 10 constituted by a hollow cylinder. This 
electrode, maintained by a conductor 11 at a potential 
higher than that of cathode 5, establishes an electric field 
capable of accelerating the electrons emitted by this elec- 
trode so as to send them onto the impact point 7. 3 

Furthermore, in this example, the weld line 1 is of* 
revolution about the axis XX of the apparatus, the whole 
of pieces 2 and 3 being rigid with the rotor 12 of a motor, 
for instance an asynchronous motor the stator of which 
is shown at 13. Displacement of the weld point is ob- 
tained by rotation of picces 2 and 3 about axis XX, cath- 
ode 5 and the parts associated therewith remaining sta- 
tionary. : : 

A conductor 14, connected with the shaft rotor 12, 
mikes it possible, if necessary, to impart any desired po- 
tential to the pieces to be welded 2 and 3. 

In the second example illustrated by Fig. 2, the anode 
is constituted by the picces to be welded 2 and 3 which, 
therefore, themselves uccclerate the clectrons emitted to- 
ward them by cathode 5. i 

The line of welding is in this case rectilinear and it is 
the cathode which moves, together with its filament 4 and 
its lens 6, along a bar 15, so as to ensure sweeping of the 
weld line 1 by the.“ux of electrons. 

A window 16 permits of supervising the operation. 

If the weld linc had 2 complex shape, means should 
be provided, such as sets of cams, in order to displace the 
point of impact of the electron flux along this weld line. 

What I claim is: : 

The method of welding two solid pieces of metal to- 
gether which comprises placing, in a vacuum, said two 
picces in adjoining relation with respective edges thereof 
in contact with each other along a line, directing a fo- 
cussed electron beam onto said linc, accelerating said 
beam along its path to said line, periodically interrupting 
said beam while producing a relative controlled displace- 
ment of said interrupted beam and the whole of said two 
pieces to cause the beam to travel along said line of con- 
tact. ; 
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The present invention relates to a method for welding 
and soldering by bombarding by electrons the engaging 
surfaces of two parts to be connected. 

It is the object of the present invention to solder, weld, 
or sinter suitable materials by beating the parts to be con- 

nected by a beam of electrons. : 

It is a further object of the present invention to attach 
2 contact to a crystal by heating abutting surface portions 
of the same by a beam of clectrons in order to form 2 
system having a uni-directional clectric conductivity. 


With these objects in view the present invention mainly. 


consists in a method for producing a fixed connection 
Detween two bodies by soldering or welding comprising 
the step of bombarding portions of said bodies by clectrons 
$0 as to heat said portions of said bodics, and joining said 
portions of said bodics. ‘ 
The novel features which are considered as character- 
istic for the invention are sct forth in particular in the 
appended claims. The invention itself, however, both as 
to its construction and its method of operation, toncther 
with additional objects and advantages thereof, will be 
best understood from the following description of specific 


embodiments when read in connection with the accom: _ 


panying drawings, in which: 


Fig. 1 is 2 schematic view of an arrangement for focus- 


sing a beam of electrons onto a work piece; a 

Fig, 2 is an isometric view of a work picce being shaped 
by two beams of electrons; 

Fig. 3 is a plan view of a crystalline foil; 

Fig. 4 is an isometric view of a crystalline body in 
which grooves are formed by a beam of electrons; 

Fig. 5 is an isometric view similar to Fig. 2; 

Figs. 6 and 7 are cross-sectional views illustrating the 
melting of a quantity of a crystalline powderized material; 
and 
Fig. 8 is a schematic sectional view illustrating an ar- 
rangement for melting and tempering a crystalline semi- 
conductive material. 

Referring now to the drawings, and more particularly to 
Figs. 1 to 3, a beam of electrons 5 emitted by an electron- 
discharging device including a cathode 1 and an. anode 
2 is focussed by electric focussing means 3 onto the work 
piece 4. During rotation of the work piece 4 a groove 
6 is formed since the surface ayer bombarded by the 
electrons is evaporated. It is, for instance, possible to re- 
duce the diameter of a cylindrical metal rod from one 
millimeter to a diameter of onc tenth millimeter. 

According to the arrangement shown in Fig. 2, two 
beams of electrons 7 and 8 engage the work picce on 
opposite sides, the beam 7 extending nearly tangentially 
to the upper surface and the beam § extending nearly 
tangentially to the lower surface. In a similar manner, 
more than two beams of electrons extending tangentially 
to the surface of the work piece may be applied. 

Fig. 3 shows a crystalline semi-conductive foil 10 
mounted on a supporting surface 9, The narrow bridge 
portion 11 is produced by bombarding the foil by elec- 


2,178,926 


Patented, Jan. 22, 1957 
2 


trons so as to evaporate portions of the same. The two 
opposite recesses in the foil are jcither produced by cov- 
ering the bridge portion of the foil and by moving 2 single 
beam of electrons across the cdver and the foil, or ‘by 
two moving beams of electrons -which are reversed at 
the edges of the bridge portion. | 

In carrying out the bombarding of the material by 
electrons, onc or several electron discharging devices may 
be provided which may be arranged in one plane. The 
beams of electrons may be deflected singly or in groups, 
and in the cvent that the electron discharging devices are 
not located in one plane, may be deflected by electric or 
magnetic ficlds into one planc. |The electron discharging 
devices are preferably arranged] in diamctrically located 
pairs. It is, however, also coat to divide a beam of 
electrons emitted by a single electron discharging device 
into several small beams which) are directed to different 
surface portions of the material to be treated. 
_ The cross-sectional shape of beams of electrons is pref- 
crably varied by diaphragms proyided with suitably shaped 
apertures. It is also advantageous to produce several 
beams of electrons and to direct/such beams consecutively 
in a predetermined and variable lorder against the material 
to be treated. | 

Preferably means are ed for varying the intensity 


of the beams of electrons gradually or step by step. 
Mechanical, electrical, ‘or magnetic means are pro- 
vided for holding and moving the work picce in a vacuum.. 


0 Preferably such means are rotatable or slidable and 


capable of supporting 2 plurality of semi-conductive 
bodies for simultaneous treatment by beams of electrons. 

Preferably the work piece is heated by suitable heating 
means in a vacuum after the electron bombardment in 


, order to retain the crystal structure thereof. It is ad- 


vantageous to provide heating means producing different 
temperatures in different places, 

Scemi-conductive bodies, foils, and surface layers there- 
of which have becn treated according to the method of 
the present invention are particularly suited for use as 
controlled semi-conductors, such as transistors, and for 
crystal rectifiers. | : 

‘The focussing means for forming a concentrated beam 
of electrons may be single Jenses or immersion lenses of 
the clectric or magnetic type, as well as electron-optical 
prisms. | 

By the same method orystal|systems of uni-directional 
electric conductivity raay be produced which are provided 
with pointed contacts, contacts having an edge, or con- 
tacts engaging along a line. Recesses for such contacts 
are produced in a vacuum by bombarding by electrons 
the surface portion of a body |consisting ‘of a crystalline 
semi-conductive material so that a surface layer portion 
is evaporated. By the method of the present invention 
recesses may be formed withdut producing any impuri- 
ties. Drilling or milling according to the known methods 
causes particularly in germanivm and siliclum a change 
of the concentration of the disturbance centres and block- 
ing properties near the surfacé which is detrimental for 
the use of the crystal for systems of uni-directional electric 
conductivity. | 

For forming the recesses everal beams of electrons 
may be focussed on one surface portion, or 2 beam of 
electrons, produced by a single electron discharging de- 
vice, may be divided into several beams for bombarding 
the body to be treated on different spots. Preferably 
means are provided for directing several beams of elec- 
trons consecutively and in a predetermined order against 
the material to be treated. Asain, means may be pro- 
vided for varying the intensity of the beams and the 
cross-section thereof, and preferably the semi-conductive 
crystals are tempered after the bombardment. 
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In order to improve the electric operation of the system, 
it is advantagcous to electrically form each contact and 
to connect the contacts electrically as required by the 
purpose of the system. 

Semi-conductive bodies treated according to the present 
invention are particularly suited for the production of 
diodes, transistors, or other controlicd semi-conductive 
systems having one or several contacts. 

Referring now to Fiz. 4, 2 crystal 12 is provided with 
wedge-shaped recesses or grooves 13 for recciving con- 
tacts by bombarding the surface of the crystal 12 by clec- 
trons focussed in a beam 14 which causes evaporation of 
the material. Fic. § illustrates a cylindrical crystal body 
15 in which a peripheral groove 17 is formed by evapora- 
tion of a surface layer by a nearly tangentially extending 
beam of electrons 16. The contact is then mounted in 
the groove 17. 

A further advantageous application of the method is 
the melting of highly purified materials which casily re- 
act with other substances. It is very difficult to find a 
support for the material to b= melted which docs not 
react with the material when the matérial and the sup- 
port are heated as it is the cass in the known methods. 
This fact is particularly disadvantageous when semi-con- 
ductive matcrials such as silicium or germanium are 
melted which arc to be used for systems of uni-directional 
electric conductivity such as diodes, transistors or recti- 
fiers. In such systems the distribution of the concen- 
tration of the disturbance centres and blocking portions 
is of greatest importance, and the known melting processes 
cause uncontrollable changes of the concentration of the 
disturbance centres and blocking properties of crystalline 
materials of the typ> describcd. 

By the present msthod scmi-conductive materials, par- 
ticularly for use as ball-shapsd bodics for systems of 
wni-dircctional electrical conductivity, are melted by one 
or several] beams of electrons. Since tas beams of elec- 
trons can be exactly focussed, substantially only the ma- 
terial to be melted is heated. 

Preferably a quantity of the material to be melted is 
placed on a horizontal supporting surface consisting of 
the same highly purified matcrial as the material to be 
melted, or of a matcrial which docs not react with the 
melted material and is not soluble therein. The melted 
tegulus assumes ball shape duc to surface tension when 
placed on a horizontal and plans surface. 

The melting process is carried out in a vacuum and in 
order to avoid entering of air into the vacuum an electron 
discharging device is used which permits directing of a 
beam of electrons by means of electric and/or magnetic 
ficlds consecutively onto separated quantities of material 
to be melted, or movable supporting means are provided. 

Several beams of electrons may be focussed in one 
spot, or a single beam of electrons may be divided into 
beams. It is also advantagcous to produce several beams 
of electrons and to direct the same consecutively, and 
preferably in a variable order, onto: the material to be 
melted. Thereby, a uniform heating of the material is 
obtained, while the supporting material is not exposed 
to the electrons and remains at substantially the same 
temperature. : 

Any possible influence of the supporting materia] may 
be avoided by moving the material to be melted rela- 
tively to the beams of electrons by allowing it to drop 
due to the force of gravity. 

Preferably, means are provided for regulating the in- 
tensity of the beams of electrons gradually or step-wise, 
in order to influence the solidifying of the melted material. 
It is also advantageous to provide heating means in the 

“area of the electron discharging device in which the 
melted material is heated and tempered after the electron 
bombardment. Preferably the support for the melted 
material is movably mounted so that the melted m2- 


4. ; 
terial may be moved into the heating device in which 
areas of different temperatures are provided. . 

Referring now to Figs. 6 and 7, support 13 of highly 
purified carbon is provided with a recess 19 in which a 
quantity of powderized crystalline material 20, such as 
germanium powder, is arranged, which is melted by the 
beam of electrons 21. In Fig. 7, the support 22 consists 
of highly purified silicium on which a quantity of silicium 
powder 23 is arranged and meltcd by a beam of elcc- 
trons 24, 

Fig. 8 illustrates an arrangement for melting and tem- 
pering which is enclosed in a suitable means for providing 
a@ vacuum. An electron-discharging device 25 emits 2 
beam of electrons 26 which are focussed by electronic 
focussing means 27 onto an endless conveyor band 25. 
Supports 29 arc mounted on the conveyor band 23 which 
is driven by roller 39 and moves the supports 29 carry- 
ing the material to be melted first into the beam of elec- 
trons 26 and then into the heating device 31 in which 
the meltcd material is tempered. During further move- 
ment of the conveyor band, the ball-shaped solidified 
bodies fall into a container 32. 

The methed is also advantageously applicd in a process 
for purifying crystalline substances. During the solidify- 
ing and crystallization of melted crystalline substances, 
the surface layer of a meltcd regulus crystallizes last, 
and therefore contains an amount of impurities which is 
high compared with the inner portion of the regulus. 
Mechanical or chemical or electro-chemical removal of 
such surface Jayers leads to the adding of further impu- 
Titics. ~ 

According to 2 modified method crystalline substances 
are purified by bombarding by electrons the surfaces of 
reguli in a vacuum. Thereby the outermost surface layer 
which contains most of the impurities is evaporated and 
removed in such a manner that no impurities are added. 

Thereupon the reguli are again melted and solidified 

so that the remnant of impurities still contained in the 
reguli are again deposited in the outermost layer during 
the crystallization process. Such outermost layer is again 
removed by an electron bombardment, 
_/ The known processes for making clectrical precision 
contacts or other mechanical connections of very small 
parts have the disadvantage that it is difficult to find sol- 
dering or welding tools having a sufficient heat capacity 
but being small enough for soldering very small parts. 
The known tools have the further disadvantage that si- 
multancously with the parts to be soldered, other parts 
of the electrical or mechanical system are heated and 
subject to changes such as melting or crystallizing which 
seriously impairs the use of such parts for electrical or 
mechanical arrangements. 

According to the present method electrical or mechani- 
cal connections are produced by welding, soldcring, sin- 
tering or similar processes in such a manner that the parts 
to be connected are brought into contact and heated by 
a beam of electrons for a short time. > ~.,7 

This process may be applied for the making of bolom- 
eters, thermo elements or other connections for electrical 
or mechanical purposes, for instance in precision instru- 
ments such as galvanometers and measuring instruments 
provided with torsion filaments such as torsion scales. 

A particularly advantageous use of the method is ‘ths 
producing of systems of uni-directional electric conduc- 
tivity including crystals and contact means. The contact 
means are attached to the crystal by heating the point of 
contact by a beam of electrons for a short time. The 
crystals used consist of a semi-conductive material such 
as germanium or silicium. 

It is advantageous to apply simultantously direct- or 
alternating current through the contact spot in order to 
electrically condition the same. 

The present method is also advantageously employed 
for alloying the surface of a metal or of 2 semi-conductive 


%5 material. According to the known methods, it haz been 


2,778,028 


5 


difficult to alloy two components while avoiding complete 
melting down of one component and keeping the thick- 
ness of the alloyed surface layer constant. According 
to the present method, a powderized quantity of onc com- 
ponent is placed on the surface of the other component 
and then bombarded by electrons so as to form an alloy 
with a surface layer of the other component, 

For instance, it is possible to alloy a surface layer of 
‘iron with aluminum, or a surface layer of germanium 
with bismuth.. Another method is to condense one of 
the components from its vapor on the surface before 
treating the surface by bombardment. : 

Tt is obvious that more than two components may be 
alloyed. The substances which are to be added to the 
surface layer are consecutively applied to the same in 
powderized form and heated by an electron bombardment, 

By a modified method semi-conductive crystalline ma- 
terials which must have different conductive properties 
on a portion of the surface thereof and in the interior 
thercof are provided with surface layer portions having 
predetermined concentration of the disturbance centres 
and blocking propertics by adding another substance to 
the surface layer of the same. Such other substance is 
applicd to the surface of the semi-conductive material 
and thereupon bombarded by electrons or ions so as to 
at Icast partly enter the surface layer of the semi-con- 
ductive material. . 

In carrying out this process it is advantageous to heat 
‘and temper the scmi-conductive material after the other 
substance has been added to the surface layer thereof. 
Preferably the direction of the blocking action of the 
blocking spot is determined by conducting an electric 
current through the same. 

Preferably the other substance is applicd to the surface 
of the semi-conductive material in a thin layer having 
a thickness of only a few atoms by dusting on or con- 
densation of vapor. According to this mcthod a sub- 
stance which is to be alloyed with a surface layer of the 
semi-conductive material is at first applied to the same 
and then heated by a beam of electrons so as to enter 
the surface layer and to form an alloy. In the event 
that a beam of ions is used, ions of this beam remain 
in the surface layer of the semi-conductive material and 
serve as additional blocking spots. The permancnt con- 
nection of the added substance with the crystal structure 
is improved by consecutive heat treatment. 

In order to enable proper explanation of the present 
invention, the above specification includes descriptions of 
some process steps and other features essential to an 
understanding of the invention, which are not exclusively 
applicant's invention, but partly are known in this field, 
and partly were invented by other inventors alone. 

- Reference is being made for purposes of record to 
the co-pending patent applications Serial No. 307,941 
filed on Scptember 4, 1952 by W. S. Koch and Serial No. 
307,942 filed on September 4, 1952 and now abandoned 
by W. S. Koch and H. U. Harten, 

It will be understood that each of the elements de- 
scribed above, or two or more together, may also find a 
useful application in other types of methods for welding 
and soldering by electron bombardment differing from 
the types described above. 

While the invention has been illustrated and described 
as embodied in 2 method for producing a system having 
& uni-directional electric conductivity by attaching a 
contact to a crystal by heating abutting surface portions 
of the same by a beam of electrons, it is not intended to 

.. be limited to the details shown, since various modifica- 
‘tions and structural changes may be made without de- 


parting in any way from the spirit of the Present in- 7 


vention. 
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Without further analysis, the ‘foregoing will so fully 
reveal the gist of the present invention that others can 
by applying current knowledge readily adapt it for 
various applications without omitting features that, from 
the standpoint of prior art, fairly constitute essential 
characteristics of the gencric or 'specific aspects of this 
invention and, thercfore, such adaptations should and are 
intended to be comprehended within the meaning and 
range of equivalence of the folowing claims. 

What is claimed as new and desired to be secured by 
Letters Patent is: | 

1, A method for producing systems having a uni- 
directional electric conductivity including a crystal means 
consisting of a crystalline semi-conductive material from 


5 the group comprising silicon and \germanium and a con- 


tact means, comprising the steps of attaching said contact 
means to said crystal means by joining. surface portions 
of. said crystal means and of said contact means; and 
bombarding said surface portions by electrons so as to 
heat the same and to produce aj permanent connection 
between said surface layer portions. : 

2. A method for producing al germanium semi-con- 
ductor apparatus including crystalline germanium ma- 
terial and an electrically conductive contact means 
comprising, in combination, the! steps of permanently 


. attaching said electrically conductive contact means to 


said germanium material by placing selected surface por- 
tions of said electrically conductive contact means and 
said germanium material in conta¢t with each other; and 
subjecting said selected surface portions to the action of 
a beam of electrons focused thefeon so as to heat the 
same until a permanent connection between said selected 
surface portions is produced. “i 

3. A method for producing a| silicon semi-conductor 
apparatus including crystalline ilicon material and an 
electrically conductive contact means comprising, in com- 
bination, the steps of permanently attaching said elec- 
trically conductive coatact means/to said silicon material 
by placing selected surface portions of said electrically 
conductive contact means and said silicon material in 
contact with each other; and shbjecting said selected 
surface portions to the action of a beam of electrons 
focused thereon so as to heat the same until a permanent 
connection between said selected surface portions is pro- 
duced, | . 

4. A method for producing al germanium semi-con- 
ductor apparatus including crystalline germanium ma- 
terial and an clectrically conductive contact means com- 
prising, in combination, the steps pf permanently attach- 
ing said electrically conductive contact means to said 
germanium material by placing s: tid electrically conduc- 
tive contact means and said germanium material under 
vacuum; placing sclected surface |portions of said clec- 
tically conductive contact means and said germanium 
material in contact with each other; and subjecting said 
selected surface portions to the action of a beam of 
electrons focused thereon so as tp heat the same until 
@ permanent connection between} said selected surface 
portions is produced. i 
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PRODUCTION OF HOMOGENEOUS BODIES FROM TANTALUM OR OTHER METALS. 


No. 848,600., _ 


Specification of Letters Patent. 


Patented Irarch 20, 2507. 


e Application Sled October 41965. Scrisl No. 337,427. 


> Be it known that 1, Mance.o von Pirant, 
a subject of the King of Italy, and a resident 
of Wilmersdorf, Berlin, Germany, have jn- 


“5 vented a new and useful Production of Ho- 
-. nogencous Bodies from Tuntakun or other 


Metals which ave Fusible with Difficulty, of 


:- which the following is a specification. 


The present inventioa veiates to the pro- 
duction of homogeneous bodies of refractory 


~. metals. : 


Formerly 2 method was employed in ac- | 


. cordance with which the metal powder, 
* which was produced in any suitable manner, 


's was in the first place united to form a sufli- ; 


ciently-solid body by pressing it together or 
by other suitable means. An electric cur- 
rent was then conducted through Che body in 


_ ¥Yacuum or in.an indifferent. atmosphere until j 


it was heated to melting-point, an are being 


- several forms of apparatus suita 
> ing the method into effect are shown by way 
-of example, and in which— 
Figure 1 is a vertical section throngh one 
form of such apparatus. 
section through another form, and Fig. 3 


“shows another form diagraminatically. 


* 35: 


Referring to Fig. 1, the glass vessel @ is 
»,closed by means of metal covers 6 at two op- 


posite ends, said covers being perfectiy | 


t+ tightly cemented onto the edges of the vessel. 


- The upper cover, which serves as cathode, ; 
40 carries 2 reflector-shaped cathode- 


a 


“ter c, in the focus of which the metal d ties 


. Which is to-be melted and which is connected | 
 «-with the anode é. 


The vessel ¢ ts exhausted 
OE air to the extent reanired forcathade radiz- 


.4§ tions. The metal, which is preferably tritu- 


oe 


ee 


see 


* -of the cathode-rays. 


rated before being placed in the vessel, is 
melted exceedingly quickly under the action 
The brush of cathode- 
. rays may easily be moved from the outside 


Fig. 2 is u vertival | 


ry emit= 


| therefore essentially simpler and more certati 
| than the methods known hitherto, as no kind 
j of mechanical device is required to be present 
| inside the vacuuia-furnace which would have 
| to be operated from the outside if such exist- 
red. Jt may, morcever, also be pointed out 
; that the method according to the present in- 
vention proves essentially clean, and the pos- 
sibility of treating the metals in such a way- 
that a perfectly pure and above all a ductile 
body is formed is much more readily .at- 
tained. A further advantaye is that the elec- 
‘ tric energy is utilized very much more eco- 
| nomically in this method by means of cuisine 
; rays, so that only a fraction of the exjcnci- 
| ture of energy is necessary for melting: ihe 
! metai as compared with that required in the 7 
| methods which were formerly eniployed. 
Jn the method according to the present 
| Vention 1 Is not necessary to connect . 
| metal to be melied with the anode. : 
| other hand, it is of course also permis: ibie i 
“arrange the anode in any other suitable man- 
s, for example, is represented iu Pig. 2. 
form-of apparatus the metsi & is 
niaced on the d faud has directed upon 
it the i 


Nea 


thod according to the present in- 
vention mzy also be carried cut with high- 
tension allernating-cucreat’ of, for exumple, 
fifty thousand to twe hundred thousand 
volts. Under certair ciseustances the one 
of the two electrodes this case ¢ 
sively employed as ¢ » the entire 
ralils working similarity 
tifier; but under some circumstances both 
electrodes may a!so alternately emit ¢ 3 
rays. In thst cxse in order to bring o~ 
electrodes into action the arrange 
represented in Fx. 3 is a preferable «: 
which both the electrodes ¢” are formes 
* reflectors and are arranged in such ay 
; the metal to be melted hes in the focus 
| of the electrodes. The inclal is placed 
j stand Zand the gas is exhausted by suiiable 
‘ means through ourlot-tule 2 to prevent arc 
1 formation and rece.nvining of the gas with 
! the metal. In some cases the metal being 


“sq with the aid of a magnet in such a way that | treated may not contain sny impurities. Jn 


* all parts of the material to be melted are suc- 


‘ this case the metal would only have to be 


-. cessively struck by the enthode-rays. The »-melted and the vacuum-pu: would not be 


- 2. method according to the present mvention is | absolutely necessary, as the cpparatus could 


. 


if 
~ closed up tightly without fear of diminish- 
the vacuum during the melting process. 
latter acrangement is also of value when 
ypparatus is worked under 
ch the apparatus allows current to pass in 
oniy ono, direction, because then the elec- 
izode which forms the cathode is constantly 
ini the correct position, 
What IJ claim as my invention, and desire 
10 tosceure by Letters Patent, is— 
re i. ‘Iliw method of prolsrcibaes Brcsnanesgeernacrantass 
» bodies of refractory metal, which consists in 
* inclosing the metal in a suitable vessel, ex- 
cluding air from said vessel; and directing 
15 eathode-rays upon said metal until it is fused 
-- and rendered homogencous. ie 
* + 2. The method of producing homogencous 
.” bodies of refractory metal, which consists in 
“7 inelosing the metal in a suitable vessel, ex- 


5 


26 cluding air from said vessel, and focusing 


cathode-rays upon said metal until it is fused 
and rendered homogencous. 
vo. 3. A method of producing homogeticous 
“bodies of refractory metal, consisting in in- 
25 closing the metal in a vessel containing a 


.  eathode-ray emitter, in exhausting air from 


SH: 


said vessel, and tn focusing cathode-rays on 
* tosaid metal whereby the same is fused. 
°4, A incthod of producing homogencous 
3° bodies of refractory metal, consi-ting in in- 
closing the inctal In a vessel containing a 
. plurality of cathode-ray emitters, in exhaust- 
ing air from said vessel, and in focusing 2 
* plurality’ of cathode-ray brushes on to said 
35 metal whereby the same is melted. 
5. A-method of producing homogencous 
bodies of refractory metal, consisting in in- 
- ‘closing {he metal in a vessel containing a 
plurality of ray-cmitters, in connecting the 
4° same with a source of high-tension alternat- 


ing current, in exhausting air from said ves- 


conditions in’ 


848,600 


from said 
y the same 


‘sol, and in focusing the brus 
| emitters on to suid metal where 
is fused. 
6. The method of producing homogeneous 43 
bodies of refractory inctal, whici) consists in 
! triturating the metal, inclosing the triturated 
{inctal in a suitable vessel, BS air from 
said vessel, and directing cathode-rays on. 
said triturated metal unul it is fused and ren- 50 
dered homovencous, . 
J. The tsethiol of patgulteing ds 
bodies of refractory metal, which consists in 
triturating the metal, inclosing the triturated 
metal in a suitable vessel, excluding air from 55 
| said vessel, and focusing cathodejrays on said 


He Lacretertduass 


] triturated metal until itis fused and rendered , 


homogeneous, 


. 


8. The method of producing hymogencous 
bodies of refractory metal, which consists in Ge 
triturating the metal, inclosing the triturated 
metal in a suitable vessel, maintaining said 
vessel exhausted of air and other gases, and 


directing cathode-rays upon sail triturated 


metal until it is fused and rendered home- 65 - 


Cencoits. 

9. The method of producing 1 
bodies of refractory metal. wat 
triturating the metal, inclosing t 

‘metal in a suitable, vessel, mez 
vessel exhausted of air and other guses, and 
focusing cathode-rays upon said triturated 
metal until it is fused and ‘rendered homo- 
geneous. ra) ; 

In testimony whereof I have signed my 75 
name to this specification in the presence of 
the two subscribing witnesses. | 

MARCELLO VON |PIRANI. 

Witnesses: ; | 

~ Worvemar Tlaurt, 
Henry Jlasrer.. 
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LIN, GERMANY, ASSIGNOR 


TO SIEMENS & HALSKE A G., OF BERLIN, GERMANY, A CORD RATION 
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> PRODUCTION OF HOMOGENEOUS BODIES FROM TANTALUM OR OTHER METALS, 
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No. 848,600... 


> Lo all whom it may concern: 

“9 Be it known that 1, Marcento vox Prrant, 
2. asubject of the King of Italy, and a resident 
x of Wilmersdorf, Berlin, Germany, have jn- 
,5 yented a new and useful Production of Ho- 
*. mogencous Bodies from Tantakun or other 
Metals which are Fusible with Difficulty, of 
-which the following is a specification. 
2 The present inventioa veiates to the pro- 
zo duction of homogeneous bodies of refractory 
,>. metals. : 
Formerly a method was employed in ac- 
* cordance with which ‘the metal powder, 
*- which was produced in any suitable manner, 


<. 


ce 


35 was in the first place united to form a sufli- ; 


' ciently-solid body by pressing it together or 
* by other suitable means. An electric cur- 
rent was then conducted through Uhe body in 


| ¥acuum or in an indifferent atmosphere until j 


20 it was heated to melting-point, an are being 
_! preferably formed between the metal to be 
*“: fused and an opposite electrode. ; 
; In the method according to the present i: 
* yention the metal is fused by the action of 
* 25 cathode-rays, and in order tt 
3, may be more clearly understood reference is 
- 2: made to the accompanying drawings, in which 
_ swveral forms of apparatus suitable for carcy- 
“2. ing the method into effect are shown by way 
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* »-with the anode ¢. The vessel ¢ is exhau: 
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_.4§ tions. The metal, which is preferably tritu- 
*<, rated before being vliced in the vessel, is 


-_*-of the cathode-rays. The brush of cathode- 
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“sq with the aid of » magnet in such a way that 
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at the method | 


“s 36£air tothe extent reanired forcathade cadiz | 


-~z melted exceedingly quickly under the action | 


. ‘i yrays may easily be moved from the outside ; 
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| therefore essentially simpler and more cert 

| than the methods known hitherto, as no kind 

j of mechanical device is required to be present 

| inside the vacauin-furnace which would have 

| to be operated from the outside if such exist- 

red. It may, moreover, also be pointed out 

i that the method according to the present in- 
vention proves essentially clean, and the pos- 

sibility of treating the metuls in such a way- 
that aw perfectly pure and aboye all a ductile 

| body is formed is much more readily .at- 

i tained. A further advantaye is that the elee- 65 
tric energy is utilized very much more eco- 

nomically in this method by means of cuiiecee 

rays, so that only a fcaction of the exon 


‘vention it is not necessary to connect 
metal to be melted with the anode. © 
other hand, it is of course ulso permis: i 
"arrange the anode in any other snitabk 
or, as, for example, is represented in 
In this ferm-of apparatus the me : 
niaced on the d faud has directed upon 


' : oy . : 
it the rays. fron node ¢, the anade being 80 
arranged in the 


| 
| 
i 
1 
| 
| 
t 
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of the vessel a. 

The method according to the present in- 
vention inzy e!so be carried out with high- 
tension allernating-cucrent’ of, for caample, 
fifty thousand to twe hundred thousand $5 
volts. Under certair cizemustances the one 
of the two clectrodes is in this case exche 
sively employed as cathude the entire 2: 
rats working similariy to @ redresser or rec- 
tifier; but under some cireimsiances both 
electrodes may also alternately emit ¢ 
rays. In thst cxse In order to brine © 

electrodes into action the arranges: + 

‘ represented ia Fig. 3 is a preferable —: 
twhich beth the electrodes ¢’ are formes 

* reflectors and are arranged in such a wi 

the metal to be melted Hes in the focus 

of the electrodes. The metal is placed 
stand f'and the gas is exhausted by sui: 
means throuzh ourlet-rwe h to prevent are 
formation and rece.diniug of the gas with 
the metal. In some cases the metal being 
| treated may not contain any impurities. In 


. + “all parts of the material to be melted are suc- | this case the metal would only have to be 
-. eessively struck by the cathode-rays. The --melted and the vacuum-pun:y would nox be 
-. method according to the present mvention is j absolutely necessary, as the -pparatus could 
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ve 
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pe closed up tightly without fear of diminish- 
:.< the vacuum during the melting process. 
latter arrangement is also of value when 

aw apparatus 


3 which thé apparatus allows current to pass in 


oniy ono, direction, because then the elec- 
trode which forms the cathode is constantly 
ini the correct position, 

What IJ claim as my invention, and desire 


10 tosccure by Letters Patent, is— 


3. The method of producing homogeneous 
bodies of refractory metal, which consists in 


‘77+ inelosing the metal in a suitable vessel, ex- 


“tg cathode-rays upon 


al 


- inclusing the metal in a suitable vessel, ex- 


‘cluding air from said vessel; and directing 
sald metal until it is fused 
- and rendered homogencous. ee 

2. The method of producing homogencous 
bodies of refractory metal, which consists in 


26 cluding air from said vessel, and focusing 


cathode-rays upon said metal until it is fused 
and rendered homogencous. 

3. A method of producing homogericous 
bodies of refractory meta, consisting in in- 


5 . * . 
25 closing the metal in a vessel containing 2 
_ © eathode-ray emitter, in exhausting air from 


3° bodies of refractory metal, consi. 


a 
o MY. 


said vessel, and in focusing eathode-rays on 


* tosaid metal whereby the same is fused. 


°4. A method of producing homogencous 

ing in in- 
xelosing the metal in a vessel cuz i 
plurality of cathode-ray emitters, in exhaust- 
Ing air from said vessel, and in focusing a 


* plurality’ of cathode-ray brashes on to said 


35 metal whereby the same is melted. 


5. A-method of producing homogencous 
bodies of refractory metal, consisting in in- 


. . . . Noe 
- ‘closing (he metal in a vessel containing a 


plurality of ray-cmitters, in connecting the 


4° same with a source of high-tension alternat- 


ing current, in exhausting air from said ves- 
wa : For. or baleen hed 


worked under conditions in| 


a re 


sel, and in focusing the brushes from. said 
emitters on to suid metal whereby the same 
is fused. 


6. The method of producing homogeneous 45 


bodies of refractory metal, which con: 
triturating the metal, inclosing the trit 

Inetal in a suitable vessel, excluding air from 
said vessel, and directing cathode-rays on. 


said triturated metal until it is fused and ren- 50 


dered homogencous, so 

7. The trethiod of pntoducsing hothugeneous 
bodies of refractory metal, which consists in 
triturating the metal, inclosing the triturated 
metal ina suitable v 
said vessel, and focusing cathode-rays on said 
triturated metal until it is fused and rendered , 
homogeneous. : 

8. Lhe method of producing hymogencous 


ol, excluding air from 55 


bodies of refractory metal, which consists in Ge 


triturating the meta, inclosing the triturated 
metal in a suitable vessel, SAS said 
vessel exhausted of air and other gases, and 
directing cathode-rays upon said triturated 
metal until it is fused and ren 
eencoits. 

9, The method of producing 
bodies of refractory metal, wa 
triturating the metal, ii 


AMMOLENCOUS 
asists mn 
singe the triturated 


metal in a suitable, vessel, maintaining said 70 _ 


vessel exhausted of air and other guses, and 
focusitiy cathode-rays upon said triturated 
metal until it is fused and ‘rendered homo- 
gencous. | : 


In testimony whereof I have signed my 3 


name to this specification in the presenee of 
the two subscribing witnesses. 
MARCELLO VON 
Witnesses: : 


Wotpemar Jiaurt, 
.: Henry Tsver. 
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~ PRODUCTION OF HOMOGENEOUS BODIES FROM TANTALUM OR OTHER METALS. 


No, 848,600., 


> Lo all whonr it nuty concern: | 
Be it known that 1, Mancetto von Pinany, | 
* asubject of the King of Italy, and a resident | 
x of Wilmersdorf, Berlin, Germany, have in- | 
3 vented a new and useful Production of Ho-! 
">. mogencous Bodies from Tantakun or other } 
~ Metals which are Fusible with Difficulty, of j 
“which the following is a'specification. : 
*. The present Invention relates to the pro- | 
10 duction of homogencous bodies of refractory 
,>. metals. . 
Formerly a method was employed in ac- | 
cordance with which! the metal powder, | 
*- which was produced in any suitable manner, | 
#5 was in the first place united to form a suili- ; 
ssing it together or | 
“ by other suitable means. An clectric cur- 
rent was then conducted through Che body in 
-yacuum or in an indifferent ai mosphere until 
3o it was heated to melting-point, an are being 
preferably formed between the metal to be 
fused and an opposite electrode. c 
= In the method according to the present 
* yention the metal is fused by the action of 
* 2 cathode-rays, and in order that the method 
+, may be more clearly understood reference is 
nade to the accompanying drawings, in wl 
> severul forms of apparatus suitadle for care 
"2. ing the method into effect are shown by way 
3o- of example, and in which— 
Figure 1 is a vertical section throngh one 
form of such apparatus, Fig. 2 is w vertical 
’ section through another form, and Fig. 3 
shows another form diagrammatically. 
- Referring to Fig. 1, the glass vessel @ is 
~~ .elosed by means of metal covers 4 at two op- 
i c‘posite ends, said covers being perfectiy | 
t+ tightly cemented onto the edges of the vessel. 
: The upper cover, which serves as cathode, 
40, carrics 2 reflector-shaped cathode-ray emit ; 
“ter ¢, in the focus of which the metal d lies ; 
nthich is to-be melted and which is conne 
“ «with the anode ¢. The vessel ¢ is exhau 


» 26E air to the extent required for cat hade radiz- 
y tritu- | 

rated before being placed in the vessel, is | 

: melted exceedingly quickly under the action } 

* .of thecathode-rays. ‘The brush of cathoue- 
grays may easily be moved from the outside ; 

¢ with the aid of magnet in such a way that | 
** "*all parts of the material to be meited are suc- | 


~. eessively struck by the cnthode-rays. The -- 


-. method according to the present mvention is | 


Specification of Letters Patent. 
fe " Apglication Sled October $1965. Seri] No. 337,427. 


Patonted iZarch 26, 2507. 


‘ 


therefore essentially simpler and more certain 
than the methods known hitherto, as no kind 
of mechanical device is required to be present 
inside the vacuuim-furnace which would have 
to be operated from (he outside if such exist- 
ed. It may, moreover, also be pointed out 
that the method according to the present in- 
vention proves cssentially clean, and the pos- 
sibility of treating the metels in such a way- 
that a perfectly pure and above all a ductile 
body is formed is much more readily at- 
tained. A further advantage is that the elec- 65 
tric energy is utilized very much more ¢c9- 
nomically in this method by meansof cu 
rays, so that only a fraction of the ex; 
ture of energy is necessary for melti 
metal as compared with that required 
methods which were formerly employed 

Tn the method acvording Lo the pres 
‘vention it is not necessary to conne 
metal to be melied with the anode. 
other hand, it is of course xlso perm: 


Y arrange the anode in any other snit 


ner, as, for example, is represented iu Mg 
In this form-of apparatus the motsi 2 is 
pinced on the stand Paid has directed upon 
it the rays. fron: exthode ¢, the anode being 
airanged is the side of the vessel a. 

The method according to the present, in- 
vention inzy also be carried cut with high- 
tension allernating-current’ of, for eaumple, 
fifty thousand to twe hundred thousand 
volts. Under certair ciseamstances the one 
of the two electrodes is in this case exch:- 
sively employed as cathude the entire 
ralils working similarly to & redresser or vec- 
tifier; but under some circumstances both 
electrodes - also alternately omit 
rays. In that cxse in order to br 
electrodes into action the arranges. + 
represented in Fig, 3 is a preferable «: 


ud = 


which both the electrodes ¢” are formes 
1) reflectors and are arranged in such ew 


the metal to be melted hes in the focus 
of the electrodes. The inelal is placed 
stand f and the yas is exhausted by suiiable 
means through oucler-tule hk to prevent are 
formation and rees..oiniag of the gas with 
the metal. In some cases the metal being 
treated may not contain say impurities. In 
this case the metal would only have to be 
nelted and the vacuum-puz would not be 
absolutely necessazy, as the -pparatus could 


so. Sear 


pe closed up tightly without fear of diminish- 
*.< the vacuum during the melting process. 
us latter arrangement is also of value when 


ww apparatus is worked under conditions in| 


5 wich the apparatus allows current to pass in 
ony ono, direction, because then the elec- 
vzode which forms the cathode is constantly 
in the correct position, 

What I claim as my invention, and desire 
10 tosccure by Letters Patent, is— 

2. Baw method of producing humegenceus 
2 bodies of refencfory metal, which consists in 
+ inelosing the metal in a suitable vessel, ex- 

‘cluding air from said vessel; and directing 
1S eathode-ruys upon said metal until it is fused 
— .* and rendered homogencous. 2 
* + 2. The method of producing homogencous 
.” bodies of refractory metal, which consists in 
“* inclosing the metal in a suitable vessel, ex- 
26 cluding air from said vesscl, and focusing 

3 cathode-rays upon said metal until it is fused 
and rendered homogencous. 

x. 3. A method of producing homogeticous 
“bodies of refractory metal, consisting, in in- 
25 closing the metal in a vessel containing x 
~ enthode-ray emitter, in exhausting air from 

said vessel, and in focusing cathode-rays on 

* tosanid metal whereby the same is fused. 

°4. A method of producing homogencous 

3° bodies of refractory metal, consi-ting in in- 
closing the metal in a vessel containing a 
plurality of cathode-ray emitters, in exhaust- 
ing air from said vessel, and in focusing a 

* plurality’ of cathode-ray brushes on to said 
35 metal whereby the s:ime is melted. 

5. A-method of producing homogencous 
bodies of refractory metal, consisting in in- 

- ‘closing (he metal in a vessel containing a 
* plurality of ray-cmitters, in connecting the 
4° same with a source of high-tension altcrnat- 

ing current, in exhausting air from said ves- 


848,600 


‘sel, and in focusing the brushes from said - 
j cmitters on Lo suid metal whereliy the same 
is fused. 
6. The method of producing homogeneous 45 
j bodies of refractory metal, which consists in 
! triturating the metal, inclosing the triturated 
Inctal in 2 suitable vessel, excluding air from 
said vessel, and directing cathade-rays on. 
said triturated metal until itis fused and ren- 50 


dered homogencous. a 

7. The methial of producing hoihugencous 
bodies of refractory metal, which consists in 
triturating the metal, inclosing the triturated 
metal ina suitable vessel, excluding air from 55 
said vessel, and focusing cathodedrays on said 
triturated metal until itis fused and rendered , 
homogeneous. ; | : 

$. The method of producing homogencous 
bodies of refractory metal, which consists in Go 
trilurating the metal, inclosing the triturated 
metal in a suitable vessel, maintaining said 
vessel exhausted of air and other gases, and 
directing cathode-rays upon said triturated 
metal until it is fused and rendered homoe- 65 - 
gencoits, 

9. The method of producing homogencous 
bodies of refractory metal, Nich cousists Ju 
triturating the metal, inclosin;, the triturated 
‘metal in 2 suitable vessel, mzintaining said 70 | 

vessel exhausted of air and other gases, and 
focusing cathode-rays upon said triturated 
metal until it is fused and ‘rendered homo- 
gencous. | ; 


. : xl 
In testimony whereof I neve 


signed my 75 


name to this specification in the presence of 
the two subscribing witnesses. | 


MARCELLO VON PIRANL 


Witnesses: 
Wotpemar Jiaurt, 
Henry JIasrer. | 
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It is known that electron beams and other corpuscular 
rays produced and concentrated by well Known means, 
can be utilised for the heating and for the evaporation 
of substances. The advantages of this method, residing 

_in the-possibility of great energy concentration and of 
inertiatess control, are however largely off-set by the 
necessity either of introducing the matcrials to be acted 
upon or to be heated into a vacuum, which involves 

~ technical difficulties and reduces economy, or of provid- 
ing material windows, i.c. thin foils consisting preferably 
of aluminium which are placed in a vacuum-tight manner 

. vpon a through aperture in the wall of the beam gen- 
erating chamber, and through which the corpuscular beam 


Seates Patent Office 


must then be conducted, which involves considerable * 


losses duc to diffusion in the foil. 

Furthermore in the art of clectron microscopy so- 
called dynamic pressure-stage stretches have been em- 
ployed for conducting the corpusuclar rays employed for 
image formation outside the vacuum. 

These stretches or pressure cascade chambers each 
consists of a serics of chambers’ with increasing air 
pressures, which are arranged in scrics in the direction 
of the beam and possesses fine aligned apertures in the 
partition walls so that only a fraction of the total 
pressure difference will be cficctive to cause entry of 
air through each aperture, while the corpuscular beam 
can be conducted through the apertures and thus, stage- 

_ by-stage, from the vacuum chamber into chambers of 
progressively higher gas pressure and finally into the 
working space, which may be the free atmosphere or 
2 chamber with essentially atmospheric pressure. Elec- 
tron microscopy is, however, concerned only with very 
small concentrations of energy. 3 

-. The present invention relates to'an apparatus for the 
treatment of substances adapted to be controlled without 
inertia and localised within narrowly confined spatial 


limits with the particularly characteristic feature that an 5 


electric corpuscular beam produced and concentrated in 
a vacuum by well known means! is conducted out of 
the vacuum through the medium of a dynamic pressurc- 
stage stretch without the employment of material win- 
dows, into a space containing gas at a pressure compara- 
Ble to atmospheric pressure and jis caused to impinge 
upon the sharply confined part of space in which the treat- 
ment is desired to take place. ~ 

For many technical and scientific purposes the ap- 
paratus of the invention is of great importance for ob- 
taining a treatment requiring high energy transforma- 
tions controllable in an incrtialess manner, confined with- 

* in narrow spatial limits by the use of a corpuscular beam 
conducted out of the gencrating chamber through a dy- 
namic pressure-stage stretch. 

The. invention makes it possible to generate locally con- 
fined and controllable without inertia, very high tem- 
peratures and this effect can be utilised for cutting by 
burning substances moved perpendicularly to the cor- 

- puscular beam or for the thermic blasting of holes in 
metallic or non-metallic stationary objects. Even fine 


6S 
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spatial shapes may be burned out under suitable move- 
ment of the beam apparatus or of the object, by the 
gradual removal of surface portions. In the production 
of fine spinning passages and spinning nozzles, the in- 
vention permits very fine, smooth bores with walls of 
high quality to be obtained. 

It is further proposed to employ the high cnergy ofa 
concentrated clectron or ion beam conducted out of the 
vacuum according to the invention and converted into 
heat by impact upon matter, for the heating, melting, 
evaporation or sublimation of high-melting substances, ” 
advantagcously under a protective gas, without heat sup- 
ply by material heat conduction or by heat radiation be- 
ing necessary. The possibility of incrtialess control per- 
mits a dosed energy conversion and thereby the evapora- 
tion of predetermined quantitics. For example, this 
method is of great importance for the melting and.cvapo- 
ration of many oxides. 

The invention also makes: it possible for confined 
volume portions of gases to be heated very rapidly to 
very high temperatures which, for example, may be 
utilised for the gencration of thermic pressure pulses and, 
with a suitable beam frequency, for the generation of in- 
tensive sound oscillations in gases. The volume heating 
may also be utilised for the separation of gascous mix- 
tures by thermic diffusion; for example an isotope scp- 
aration may be effected in this manner. 

With the help of a corpuscular beam conducted out of 
the vacuum according to the invention chemical reac- 
tions may also be initiated or maintained between gascs, 
solids, or liquids individually or in any other combina- 
tion, including for example, reactions between an ir- 
radiate solid body and the surrounding gas, or chemi- 
cal reactions between any of the said substances and 
the particles of an ion beam. Thus the method is 
suitable for hydrogenation by means of a proton beam or 
for oxidation by means of an oxygen-ion beam. 

Since the duration, the intensity, the direction and 
the corpuscular beam can be very well controlled and 
the necessity of working under vacuum is eliminated, the 
invention also allows living tissue to be irradiated for 
the production of biological or therapeutic. effects. 

It is of scicntific interest that the invention makes it 
possible with the help of a corpuscular beam apparatus 
equipped with a pressure-stage stretch, to excite any suit- 
able substances, including even substances which become 
unstable in a vacuum, for the emission of X-ray radiation 
with great intensity in a normal atmosphere. : 

Thus the invention makes it possible for the first time 
to carry out the X-ray spectrographic analysis of solutions 
and of liquid substances. 

Also, the invention has been found uscful and may 
serve for temperature and density measurement in hot 
flames, ¢.g. in the propulsion jet of a rocket or’for the 
supervision of chemical reactions. In the latter case once 
may, for example, measure the partial pressures of indi- 
vidual reaction components by drawing conclusions from 
the dispersion of a corpuscular beam, particularly a beam 
of corpuscles having an atomic weight comparable with 
that of the component to be ascertained, upon the con- 
centration of such component. 

The apparatus according to the invention basically con- 
sists of wel! known means for the generation and con- 
centration of electrically charged corpuscular rays having . 
an energy not exceeding about 200 kv. (2105 sv.) ina 
chamber in which tl: gas pressure is tess than 10-2 Torr 
(10-2 mm. Hg), a working chamber containing the ma-- 
terial to be treated, the gas pressurc in this working 
chamber being more than 1 Torr, and at least one pres- 
sure-stage chamber interposed between the generating 
chamber and the working chamber, in whicti the gas 
pressure has a value between the pressures in said two 


. 5 3 
chambers, the partition walls between the individual 
chambers being provided, at the passage points of the 
beam, with finc orifices making possible the unimpeded 
passage of the corpuscular beam with such a distance, 


within the order of magnitude of the orifice diameters, 5 


that the formation of density maxima and density minima 

in the inflowing jet of gas is utilized and the orifice 
nearest the dircction of the inflowing jet of gas comes 
to lic in a density minimum. 5 


In order to further explain the invention onc cmbodi- 10 


ment of the apparatus and its manner of operation will 
now be described by way of example with reference to 
the accompanying drawings. 
’ Fig. 1 is a somewhat diagrammatic sectional elevation 
showing 2 beam generating apparatus comprising a two- 
stage pressure-stage stretch incorporated in the path of 
the corpuscular beam and an object arranged in front 
of it, which object, for example, is intended to be 
pierced, 

In Fig. 2 is a fragmentary representation, to a Jarger 
scalc, of the front part of the pressure-stage stretch shown 
in Fig. 1, which shows the relation between the dimen- 
sions of the orifice, which is an aperture at the end of a 
nozzic in the illustrated instance, and its distance from 
the exit orifice, on the one hand, and the shape of the 
jet of gas entering from the working chamber, on the 
other hand. 

Fig. 3 similarly illustrates a well tried form of a four- 
stage pressure-stage stretch. 

Referring now to the drawings, 1 indicates the pref- 3 
erably cylindrical vacuum chamber with a vacuum tight 
metal wall 2, into which chamber there projects from one 
of the end faces with vacuum tight scal a corpuscular 
ray generating source 4, which may be of any conven- 
tional design and which includes the mounting 3. For 
example, 2 concentrated powerful cathode-ray beam may 
be generated with a conventional telcfocus cathode 4 
with a Welimelt cylinder, as described in “Optik,” vol. 5 
(1949), page 469. This is an electron-optical device for 
focusing the clectron beam emitted from a conventional 
tungsten wire cathode. Alternatively, however, cold. 
cathodes, channcl-ray or ion sources and other particle 
generators and accelerators with the required concen- 
trating (focussing) mcans may be provided. The wall 
2 of the vacuum chamber forms, in the illustrated ¢m- 
bodiment, the anode and is grounded. The cnd wall, 
situated in the direction of the beam, of the cylindrical 
vacuum chamber 1, preferably has the shape of an out- 
wardly directed conc shell and is provided at its apex 


2 


3 
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bers 28 to 30. It is of advantage for the nozzle dia- 
phragms to be exchangeable individually or in scts. 
Schematically indicated in Fig. 3 arc the pump scts 25 to 
27 which serve for the generation and maintenance of 
the required pressure conditions. a are preferably 
provided for cooling the partition walls between the pres- 
sure stage chambers, more particularly the inncrmost 
partition wall 21, and/or the nozzlc members, as indicated 
schematically at 13 in Fig. 3. A : 
The cone shape of the nozzle diaphragms is very favouc- 
able inasmuch as they may be arranged closcly behind 
each other in the apparatus so that dn the onc hand the 
points of the nozzics may line in the periodical pressure 
or density minima, respectively, and he total path of the 
corpuscular beam through the pressure-stage up to the 
atmospheric pressure remains small, while on the other 
hand the stage chambers determined |by two diaphragms 
each and arranged behind onc anothér are enlarged out- 
wardly in a radial direction and thus favourable condi- 
tions exist for the connection of the} pumps and for the ~ 
withdrawal of the inflowing gas. Furthermore the area 
of the conically shaped diaphragms, being larger than 
vertical partition walls, will effect good distribution and: 
removal of the heat which is still developed by the in- 
evitable straying (diffusion) of the, corpuscular beam. 


_ The said features and advantages of| the invention come 


0 
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40 


45 


5 with a nose-like perforated projection adapted to accom- 59 


modate a nozzic pin 6 provided with a capillary 17 for 
the passage of the corpuscular beam. The intermediate 
pressure-stage chamber 7 is preferably of cylindrical 
shape, and its wall $ may be moulded or cast from a 


single ‘block of mctal simultancously with the wall 2 of 55 


the vacuum chamber. It is closed against the external 
aic or the working chamber 31 by a perforated nozzle 
- plate 9. When according to 2 preferred embodiment of 
the invention (sce Fig. 2) the distance between the point 
of the nozzle pin G from the nozzle plate 9 is so sclected 
that the point of the capillary 17 docs not fall into a 
gas-density node 11 of the inflowing gas jet 12 but, as 
shown in Fig. 2, into the density minimum 10, a relatively 
short nozzle distance is obtained. Sacer 


- of the capillary at the vacuum side 


ccisively into effect even when only two pressure-stages 
are employed but thcy also permit the number of pressure- 
stagcs to be limited to little more than two stages. 

In one example of a treatment of|a substance accord- 
ing to the invention, an object 33 (Fig. 1) to be pierced 
is mounted in the working chamber|31 on a support 35 
so as to lic in front of the corpuscular beam 32 emerging 
from the nozzle diaphragm 9 in order that the irradiated 
portions 3+ of the object may be jevaporated and the 
desired .bore produced. 

In the apparatus according to-Fig.!1 the vacuum cham- 
ber 1 end the pressure-stage chamber 7 are connected by 
means of the stubs 36 and 37 to the schematically repre- 
sented vacuum-pump sets 3S and 39 which have a suction 
power determined according to the desired pressure diffcr- 
ences. It may be advantagcous in this case for the pump 
38 which is connected to the chamber of lower pressure 
to be arranged to operate against thé pressure of pump 
39 which is connected to the chamber 7 and which in 
this case acts as a pre-vacuum pump ° 

Constructive arrangements may be made which make 
possible both an adjustment of the! desired distance be- - 
tween the two nozzle diaphragms 6 and 9 and the fine 
alignment of the latter so that the capillary 17 in the 
nozzle pin 6 points accurately to the aperture of the nozzle 
diaphragm 9. | 

A further adjustment device is intended to make possi- 
ble that’ the beam generated by any suitable source of 
radiation 4, for example by 2 known tclefocus cathode 
or bya cold cathode, shall strike agcurately the aperture 
and is given the direc- 
tion thereof. One construction has been found satisfac- 
tory according to which both for th¢ housing of the beam. 


60 apparatus and for the housing of the pressure-stage 


stretch two spherically ground ings 49 and 4% are 


" provided which, however, have different radii of curva- 


Preferably, 2s has been illustrated in the schematic ¢5 


Fig. 3 showing a four-stage pressure-stage stretch, the 
nozzic apertures or capillaries 17 to 20, are blanked out 
of separate diaphragms 13 to 16 which are constructed 
as funnels or as cone shells of a cone shape progressively 


slimmer, i.e. having progressively smaller cone angles, 79 


fromthe outside toward the inside of the vacuum cham- 
ber according to their sequence in the pressure-stage, and 
nested in each other with their points extending in the 
direction of the corpuscular beam, and irserted into the 


partition walls 21 to 24 between the pressure-stage cham- 5 


ture and different centres of curvatures, the operation be- 
ing effected with the help of the/spindles 42 and 43. 
When the centres of curvature are|disposed in opposite 
directions, the radii of curvature of ithe two ground bear- 
ings may be equal if desired. | 

The holders 3 for the source of radiation 4 and the 
housing 2 of ‘the vacuum chamber and of the pressure-_ 
stage stretch are connected to each other at the flange 
44. When using a different particle accelerator the pres- 
sure-stage stretch need not be altered, and more particus ” 
larly no other high vacuum pumps fre required. 

It is advisable in the spherically ground bearing for 


the spherical surface to be formed with a stcp at the 


5 


smaller diameter or to arrange for them to carry there 

. @ screen ring of a width such that no supporting portions 
of the. surfaces project frecly into the high vacuum and 
that any gas discharge accidentally there produced can- 
not leave any burning traces of the ground surfaces. If 
the spherically ground bearing is lubricated with a thin 
high-vacuum greass layer, metal may slide on metal, and 
the ground connection is then high-vacuum tight without 
the use of flexible bellows. Apart from the simplicity 
- and reliability of adjustment by means Of the two spherical 
ground scatings, this also iavolvcs the appreciable advan- 
tage that the, constructional height of the apparatus may 
be kept relatively small. 

In an apparatus with 2 pressure-stage stretch and di- 
mensions as proposed by the invention, the gas flow in 
the nozzle diaphragms adjoining the vacuum is reduced 
to a very small fraction of the flow of gas entering the 
vacuum when only a single nozzle is used, without any 
important stray (diffusion) loss being produced. Further- 
mote the pressure-stage arrangement according to the in- 
vention has the advantage that, because of the funnel or 
cone shaped construction of the nozzle diaphragms and 
the resultant enlargement of the pressure-stage chamber 
in a radial direction outwardly, flow conditions in the 
nozzics and in the individual spaces ‘between the nozzic 
diaphragms are much more favourable than in the case 


of flat pressure chambers between! planc nozzic dia-. 


phragms. The individual diaphragms act, duc to their 
conical shape, as gas traps, since the! nozzle apertures at 
the apex of cach diaphragm amount to only a small por- 
tion of the cross-section which is available for the ex- 
pansion of the flow of gas entering through the pressure 
nozzic aperture. 


| . 
In a pressure-stage stretch carricd out in accordance ” 


with the present invention the total path from the vezuum. 
to the high pressure is very short and as a result losses 
by difiusion of the corpuscular beam are small. Since 
furthermore the wall areas of the! individual pressure 
chambers are very large duc to the fynnel shape or coni- 
cal construction of the nozzle diaphragms, very effective 


removal of heat is obtained and adequate room is avail-- 


able for the attachment of pumping stubs of as great 2 
width as possible. ; 

While the nozzle diaphragm in contact with the high 
pressure may consist of a thin plate without appreciably 
thore gas penctrating through the) fine aperture than 
would enter through a longer nozzi¢ passage, the nozzle 
in the inner diaphragm is preferably constructed as a long 

. passage or as a capillary so that on the relatively long 
part within the capillary already a great pressure drop 
may develop and the pressure in the first stage chamber 
adjoining the high vacuum may already be fairly high. 
Contrary to the situation in the pregeding high pressure 
range, the flow of gas in the low pressure range is strongly 
reduced by a longitudinal extension, of the nozzle. On 
the other hand, however, the corpyscular beam is not 
materially affected since the productzpressure times path 
length which determines the diffusion of a corpuscular 
beam, remains small owing to the small pressure. 

A considerable advantage as regards the manipulation 
and manifold application of the device for leading out a 
corpuscular beam into the atmosphere is obtained by the 
proposed exchangeability of individua! nozzles or of a sct 
of nozzles. For this not only permits nozzle diaphragms 
which have become damaged in the course of time to be 
replaced by new ones in a simpler manner but also dia- 
phragms of different nozzle apertures or shapes to be ap- 
plied for different uses. For example, when it is desired 
to produce with onc and the same device beams concen- 

+ trated to diffcrent cross-sections, suitable diaphragms and- 
corresponding nozzle diameters are required, independ- 
ently of how otherwise the diaphragms may be shaped. 
The nozzle diaphragms may also be adjustable relative 


“to each other individually or in! sets. For instance, 
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spacers such as illustrated at 46 in Fig. 3, may serve fo 
adjust the distance of the diaphragms. 

The constructional clements of the pressure-stage 
stretch, i.c, more particularly the nozzle diaphragms, may 
at the same time be arranged to scrve as means for exert- 
ing'a geometrical-optical influence, more particularly as 
electrostatic or magnetic Ienses for concentrating (focus- 
sing) the corpuscular beam, thus supplementing any addi- 
tional clectron-optical focussing ¢lements which may be 
provided. For instance, a magnetic lens 45 may be ar- 
ranged in the vacuum chamber, as has been shown in 
Fig. 1. Alternatively, the long capillary 17 may be fur- 
ther increased in length and/or be widened at the cntrance 
and the nozzle pin 6 charged negatively so that an clec- 
trostatic lens effect is produced and the current density 
of the corpuscular beam is substantially increased at the 
narrowest point of the pressure stretch. The nozzle aper- 
tures may also form the pole pieces of magnetic Icnses. 

The pumps for the individual pressure-stages are chosen 
suitably amongst the pumps available; but for certain in- 
termediate stages no particularly suitable pumps arc 
readily commercially available at the present time. An 
adaptation may be obtained for example, by filling a ro- 
tary pump with oil of very low viscosity without regard 
to the vapour pressure thercof and operating it at a rate 
of: revolution greater than the normal onc. One may 
also, when employing multi-stage pumps, provide each 
stage with a suction stub and connect it with the appro- 
priate pressure stage or cause the pump of cach pressure 
stage to work against the next higher pressure stage. It 
is also within the scope of the invention’when the pres- 
sure-stage stretch or the whole corpuscular beam appara- 
tus is combined with the pumps to form a construction 
‘unit so that no pipe conduits throttling the suction output 
are required at all. mye 

We claim: a 

1. Apparatus for producing chemical reactions, com- 
prising a source for a beam of electrically charged cor- 
puscular rays having an energy not substantially excecd- 
ing 200 ky., said source being positioned in a vacuum 
chamber, means for maintaining in said.chamber a gas 
pressure of less than 10-? Torr, a pressure stage stretch 
including at Ieast onc intermediate chamber, means for 
maintaining in each intermediate chamber a gas pressure 
less than atmospheric, a partition wall between adjacent 
ones of said intermediate chambers, said partition walls 
having small apertures, the partition walls being so spaced 
that succeeding aperturcs are positioned in the minimum 
density region of the gas stream flowing into said inter-" 
mediate chambers from the atmosphere, means for con- 
centrating the corpuscular rays and the apertures being 
so aligned that the concentrated rays pass unimpeded 
therethrough from the vacuum chamber to the atmos- 
phere to cause there said chemical reactions. 

2. Apparatus for the treatment of substances with cor- 
puscular rays, comprising a source of said rays, an ac- 
celerating tube under a vacuum of no more than 10-3 
mm. Hg for the acceleration of the ray corpuscules to an 
energy not substantially exceeding 200 kv., a working 
chamber under at Icast atmopheric pressure, and a: pres- 
sure stage stretch between the vacuum and the working 
chamber, said stretch including at least two pressure 
stage chambers and a separating wall with a relatively - 
large aperture between adjacent ones of said chambers, 
the separating wall apertures being aligned to transmit 
said rays from the accelerating tube to the working 
chamber and the pressure stage stretch forming a very 
short transit regiou ef intermediate gas pressure ‘wit! 
minimum energy losses of the ray corpuscules in said 
Stretch, the working chamber being in communication 
with the last one of said pressure stage chambers and the 
substance to be treated being placed into said working 
chamber in the path of the rays. . 


| 
| 
| 
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3. Apparatus for the treatment of substances with cor- 
puscular rays, comprising a source of said rays, an ac- 
eclerating tube under a vacuum of no more than 10-7 
mom. Hg for the acceleration of the ray corpusculcs to an 


energy not substantially exceeding 200 kv., a working 5 


chamber under at Icast atmosphcric pressure, and a pres- 
sure stage stretch between the vacuum and the working 
chamber, said stretch comprising at Icast onc intermediate 
vacuum chamber positioned between the accelerating tube 
vacuum and the working chamber pressure, a vacuum 
pump connected to cach chamber and continuously pump- 
ing off gas coming into the pressure stage stretch from 
the working chamber through a scrics of holes positioned 


- along 2 comimon axis, partition walls between said cham- 


bers, the first partition wall adjacent the working chamber 
being a substantially flat and thin diaphragm having ‘the 
first onc of said holes, cach of the following partition 
walls having 2 central conc pointing toward the first par- 
tition wall with the holes at the apex of the concs, means 
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for adjusting the distance between the holes whereby the 
second and succeeding holes arc positioned in x gas den- 
sity minimum of the gas jet streaming into the intcr- 
mediate chambers through preceding holes, all hole dis- 
tances being in the same order of maghitude as the hole 
diameters and the substance to be treated being placed . 


into said working chamber in the path jof the rays. 
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The present invention relates to an improvement in 
the method of producing minute perforations in solid 
Dodies by means of concentrated corpuscular rays. Tn this 
method, electrically charged corpuscular rays, electronic 
of ionic rays, produced in a high vacuum, are accelerated 
to hich velocities by electrical tension and concentrated, 
focussed aad directed on to the workpi to bs per- 
forated. At the point of impast, the Kinetic cnergy in- 
herent in the corpuscular ray is ccaverted into thermal 
energy, so that over an extremely limited area a power- 
ful heating effect is produced which is sufficient to fuse 
and yapourise the material of the workpicce. In this 
way, miaute holes or foramina of any desired depth can 
be produced in the workpicee. For this purpose, the 
workpiece may te located in 2 chamber sudject to re- 
duced pressure er to normal atmospheric pressure. 

A particular requirement in coanscticn with this meth. 
od is that it be possible to control the diameter of ths 
minute perforations produced by corpuscular ray, more 
particularly by accurate timing ef the duration of the ac- 
tion of the corpuscular ray used. This task is particu- 
larly important when it is desited to produce, in succes- 
sion, a large number of perforations as nearly as possivle 
H@entical with cach other, that is to say to obtain ac- 
curately reproducible results, This requirement is of par- 
ticular significance in the production of synthetic fibre 
Spinnerets. 4 

Theoretically it is possible, with the oid of known 
electsizal means, to keep constant the accelerating volt- 
ages anJ the current strength used in, the gencration of 
the corpuscular ray, as also the clesirical and magnetic 
fields used to concentrate and focus the ray, and 2p- 
propriate apparatus for this rurpose is described in our 
co-pending zpplication. : 

It has been found, however, that even when these fac- 
tors are kept constant to a high degree, considerable Jif- 
ficulty is encountered in observing narrow limits of ac- 
euracy as to size and shape and particutarly the diameter 


of the perforations produced, this being mainly duc to S35 


Circumstances conzerned with the prevailing physical con- 
ditions, the material to be perforated and the apparatus 
vsed. Inter alia, the quatity of the vacuum, the compost- 
tion of the residual gas present in the apparatus and par- 
ticularly its water vapour constant which is dependent 
on climatis conditions, the extent of the beating effect 
produced by ray impact and the alteration of physical cen- 
ditions attendant thereon, and, finally, variations in the 
material itself, all play an important part in this con- 
pection. 

‘The iramediate task is therefore to obtaia uniform per- 
forating performance, irrespective of ambient conditions 
~ . and of the perforatieg equipment, so that all the perfora- 
Bons in a serics have at Jeast the came outlet orifice diam- 
eter. More particularly, the shape of the perforation 
should be iadependeot of the quality of the vacuum, com- 


s 


_ embodiment of the control circu't arraz 
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2 
position of the gas prescat fo the apparat=s 
produced by ‘ray impact and variations in the mates 
used. . 

The problem thus presented is advantaseozely solved 
in a novel manner, in accordance with the investioa, by 
the provision of means whereby 2 variatt< inveived ia 
the perforating operation itself actuates, ¢3 the attain- 
ment of a predetermined stage of perforation, 2 switch- 
ing device to interrupt the corpuscular ray. 

The preferred procedure is to "provize 
workpiece an electrical absorber which Sec 
by the corpuscular ray emerging from the 7. 

_ which responds on the attainawat of 2 

potential, thereby initiating the operation of 

electronic switching mechanism. 

It has been found desirable to uss sv 
for this purpese which cuts off, with an 2c; 
of time lag, the current required to provuce the sorpss 
lar ray. A particularly effective solution of the Fro} 
presented, instead of cutting ef the cozpossuier my ia 
Sependence on a predetermined time Ing, irestiy In- 
teerates the current emerging on perforation of the work- 
pices and represented by the corpusculcr Ts 3 ewest- 
ing the switching-of operation on the =t of a 
predetermined integral value of the resulting charge. 

In the ensuing description of the iavessen, retezeace 
will be made to the accompanying” erax- 
ings, In which: 
. Fig. 1 shows the lay-out of etectrical ¢3. 

ducing minute perforations in workpissss 

plication of concentrated corpuscular reys. 

with the invention. , ha 

Fig. 2 is a diagrammatic representation of a preferred 

eat 2scer= 


corpuscular ray; 


WNacath the 


fagrems 


ing to the invention for intercupting the 
while : 

Fig. 3 shows an clectronic device with the 223 ef witch’ 
the switching-of of the corpuscular ray tse2 ta porforat- 
ing a workpiece can Jikewise be effected in Uspencsnce 02 
total throughput. 

In the method according to the inve 
ing minute perforations in workpicces, P2 
form of plztes or discs, for example spiniz: 
in spinning nozzle heage ste is made oF 
ment showa diagramm: ficalty in Fig. 2. wid 
which a high-intensityfray 2S of efec 
corpuscular particles. namely either an 
jon ray, can be produced, accelerated, f 
rected on to the workpicce I1 to te 
arrangements of this kind, so far as the 
duction is concerned, are in themselves 

+ Towing description will be limited to th 
-tures essential to the present invention, it 
that the structural details and the: coast 
dividual parts of the equipment are fom 
conversant with the art to w 

A known type of high ton 


_ are so used to produce a high tension, rec 


59 The hot catheve is fed by a heating cuszent ot: 


current that an clectron ray 23 of suitaSts 
form a known type of hot cathede 3 te 
vacuum chamber 22.and ray-conseatraii: 
.der 4a on the onc hand anJ an earthed, =. 
. S$ on the other hand, which ray, after. t. 
jostable apertured diaphragm 6 and furcter 
parts of the equipment to be Uescrited Ia Jee course, 
impinges upon the workpicce 11 located ia perforating 
chamber 1 and supplies the enersy req > vapourise 
the material and produce 3 minute pesforatioa therein, 
. ‘it coa- 
sted to mains through an insulating cas:sfamer 14. 
A separate unit 16 generates and regctates the initial 
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electrical tension required for the Wehnsit cylinder, which 
is vital to the concentrating aad accelerating of the ray, 
- and also renders it possible fer the ray to be switched 
onand of. By capacitive cousling through condenser 17, 
the regulating device 16 is coanceted with switching device 
18 and with a control device 21 which is essential to 
the practising of the inventioa and which will be de- 
scribed in the further course of this specification with 


reference to Figs. 2 and 3, so that cither by direct opera- : 


tion of push-button 19 or by impulses proceeding from 
the absorber clectrove 20 in response to the impinging 
of the electron ray thercon, the corpuscular ray and with 
it the perforating operation can be switched on ard off. 
The high tension comporeats of the equipment are in- 
serted in the high vacuum chamber through 2 high ten- 
sion insulator 3. ambers 2a and 24 must be main- 
tained under 2 high vacuum of at Jeast 107? mm. Hg 
if flash-over and dispersal of the clectroa beam on the 
way from its point of origin and the perforating chamber 
are to be prevented from occurring. 
high vacuem required, the intermediate charuber 25- is 
coonccted, by means of 2 flanged tube 25 of large diam 
eter and 2 plate valve 26, to a diffusion pump 13. 

‘This arrangement has the advantage’ that gascs cr im- 


puritics that may possibly cater the high vacuum cham- >: 


ber 2b from the perforating chamber ¢r the valves are 
* immediately drawn off by the diffusion pemp and thereby 


prevected from passing directly into the chamber 2a con- % 


taining the highly sensitive ray producing equipment. 
A certain degree of separation of the two vacuum cham- 
bers from each other is also ackieved by means of the 
adjustable apertured diaphragm 6 located in an inter- 
mediate member pertaining to the housing, which other- 
wise serves to intercept straying particles of the clectron 
beam. ‘The high vacuum chambers are adapted to te 
sealed off by 2n intermediate valve 7 operated auto- 
matically in dependence on the gas pressure obtaining 
in chamber 2c, for which purpose this chamber comimu- 
picates with a gas-pressure switch 12, for cxample a 
mercury tube containing two contacts by which electrical 
impulses for the operation of valve 7 are generated in 
a manner familiar to those skilled in the art and therefore 
not necding to be described in detzil. When the cover 22 
of the perforating chamber 1 is opencd, a flocding valve 
$, which is preferably clectrically operated and connected 
with cover 22 and which serves to establish communi- 
cation with the outside atmosphere, is simultancously 
opened, while at the same time the intermediate valve 7 
is automatically closed by the increase of pressure. For 
the purpose of establishing th: seduced pressure required 
for the perforating operation, the intermediate chamber 
2c communicates, throvgh 2 branch pipe 24 and suctica 
valve 9, with an exhausting pemp 29. In the embedi- 
ment shown, the clectroa beam 2S traverses, shortly be- 
fore reaching the perforating chamber, an ¢lectrom3g- 
metic lens 10 having an adjustable magnetic field and 
serving for the focussing of the tezm. The workpiece to 


be perforated, which may te for example 2 spinning * 


_fozzle bead made of metal_or slass, and particularly of 
quartz glass, is introduced into the perforating chamber 
1, with cover 22 open, valve $ flooded and valve 7 closed, 
and placed upon 2 supporting Cevice 27 adapicd to be 
actuated and controlled from outside. As soon as the 
exhausting pump 29, after clesing of the cover 22 zad of 
the flooding valve $ coupled theresith, has established 2 
sufficiently low gas pressure in the perforating chamter 
1 and in the intermediate chamber 2c, the intermediate 
valve 7 cpens automatically and the eXectron beam con 
thea be switched on by operating the push-button 19. 


Thus, together with the cover 22. the flonling valve 3 7 


ang the intermediate valve 7 are both so ccupled to the 
switching device 23, by means of contacts 232 and 23, 
that the flooding valve $ can not be opened as long as 
the intermediste valve 7 is oven. Moreover, with the 


.- “aid of Known electrical jnterlecking means, the pressure ©: 


. eee i . 


To maintain the = 


pairel devise (not shown 
cmmediate valve 7 that this 
ke. pressure switch has 


switch 12 and the asse 
are so interlocked with the 
tatter cannot be opened 
tesponded, The ane 7 is ats0 so conpicd 
with the suction vz Intter Sieses as soon 35 
the fetmer opens. These ftoreres enssre completely . 
reliable operation of the equipment, inzsmuch.as faulty 
operation is rendered incapatic of ge the appara- 
tus er cndsngering its prose ra 
At the same time, in order| 19 cbisia the desires uni- 
formity of perforation itreszeciive of veriztions in cir- 
curnstunees other than clectciesl quantities, even whea 
these latter remain constant, means art provided accerd- « 
ing to the invention for intetzepting the electron team, 
after piercing the werkpisce 11. Sy aa ¢iscirically absorb- 
cnt clement 20.. The resulticg charge reteascs electric 
impulses which are impazted te the semtrol device 12 and 
which automatically switch oF the etectrea team Ghroush 
the intermediary of the svi device 18. 
bz so arranged 
able, precision 
ic cuts of the electron beam 
after the lapse of a certzia 3 of time starting from 
the emergence and initial impact of the Sram, ‘The size 
of the outlet crifice of the pefforstioa is thereby rendcred. 
to a very considerabic extent|i= wf the thickness 
of the workpiece and of varinciocs ia trecwwre of the 
material of which it is compa 
In accordance with the isvestion, a two-stage pro- 
ecdure may be adopted, ia me first of whi 
inary, tapered perforstioa is proc=ced which j 
the prescribed thickness of wail, whits fa the second Si3st | 
which rormally foiows imh gly uzoa-the first, ths 
outlet orifice is expanded to tbe required extent dy the 
application of an apportioned amcunt cf energy. - 
In order to fcflfil sill further zequizemescis ia regard 


. 


in the size of the oxtict ox 
the method .2ccording to 
to a still bigher pitch of 2 
Instexd of predeterminiag the 
reperforating is carricd oxt, 2% is to say, 
elapses between the enrerg¢ase 225 icizinl impact of the 
electron beam on the one hacd and the sazching-cF of 
the electron beam on the other Lav, it is Possible to ad- 
sorb in a suitable manner t:¢ eleetzi2 charge entraincS 
by the corpuscular bean (if ths case of 22 electron team 
the negative charge), to intes=ate the cbsrge current 20d 
to. arrange for this Intter, wea it has buNt up to a pre- 
determined quantity, to Jmpazt 2a input. which initiates 
the switching operation. [In wis ccse, the guration of 
the perforstion firishi is reguiated automate” 
ically in accordance with the Frosress ef this opzration 
and continues automatisally tral the required size of 
outlet aperture is Setained 322 is then artematically ter- 
minated. The extent of {8s sschsical progzess achieved 
in this way will be understand whea it is considered th2t, 
in the case of spinnsrets, putts: orifices of a diameter 3s 
a small as Ip are often called for. At degrees of firencss 
of this order, mechanical ¢r m2a3af co=trel of the switch- 
ing Operations is clearly! quits ext of the question if 
uniform repetition work 35 to De accomplished. : 
A preferred form of co=st: 
vided in accorance with ti: izventioa for this purpose, 
which are merely indicate! Zingramm=tsctly in Fig. 1 
and which consist of switch gear connected with the ab- 
sorber electrode 20, is stow is Fig 2 After Piercies 
the workpiece Il, the efestoa beim imzinges oa the 
absorber electrode 20 which is ccarested, through td 
cover 22 of the perfora fog chimter 1, with a mirror 


galvanometcr 31 the seqsitivicy and comping of which 
is suitably adjusted by msass of a varishts resistanze 20. 
As the charge grows, turer guivanometer is de- 
flected, whereby a Tight team <S2 Crown o2 to tds 
mirror of the galvancmster Sy the Eght source 32 
| ¥ oF 


nstiea ef the means pro- 
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The present invention relates to an improvement in 
the method of producing minute perforations in solid 
bodies by means ef concentrated corpuscular says. Tn this 

ethod, clectrically charged corpuscular rays, electronic 
or ionic rays, produced in a high vacuum, are aceclerated 
to hish velocities by clectrical tension and concentrated, 
focussed aad directed on to the workpitce to bs per- 
forated. At the point of impact, the Kinetic cnercy in- 
herent in the corpuscular ray is converted into thermal 
encrgy, so that over 3n extremely limited area 2 power- 
ful heating effect is produced which is suMficient to fuse 
and yapourise the material of the workpiece. In this 
way, miaute holes or foramina ef any desired depth can 
be produced in the workpicce. For this purpose, the 
workpiece may be located in a chamber sudject to re- 
duced pressure er to normal atmospheric pressure. 

A particular requirement in coancetion with this meth- 
od is that it be possible to control the diameter of the 
minute perforations produced by corpuscular ray, more 
particularly by accurate timing cf the duration of the ac- 
tion of the corpuscular ray used. This task is particu. 
larly important when it is desired to produce, in succes- 
sion, a Iarge number of perforations as nearly as possivle 
identical with cach other, that is to say to obtain ac- 
curately reproducible results, This requirement is of par- 
ticular significance in the produstion of synthetic fibre 
spinnerets. I 

Theoretically it is possible, with the aid of known 
electzizal means, to keep constant the accelerating volt- 
ages anJ the current strength used in, the generation of 
the corpuscular ray, as also the electrical and magnetic 
fields used to (conceatrate and focus the ray, and ap- 
propriate apparatus for this purpose is described in our 
co-pending zpplication. iat 

It has been found, however, that even when these fac- 
tors are kept constant to a high degree, considerable Jif- 
ficulty is encountered in observing narrow Timits of ac- 
curacy as to size znd shape and particularly the diameter 
of the perforations produced, this being mainly duc to 
dircumstances concerned with the prevailing physical con- 
ditions, the material to be perforated and the apparatus 
used. Inter alia, the quatity of the vacuum, the composi- 
tion of the residval gas present in the apparatus and p3r- 
eularly its water vapour constant which is dependent 
on climatic conditions, the extent of the heating effect 
produced by ray impact 2nd the alteration of physical con- 
ditions attendant thereon, and, finally, variations in the 
material itself, of play an important part in this con- 
nection. ' 

The immediate task is therefore to obtain uniform per- 
forating performance, irrespective of ambient conditions 

. and of the perforaticg equipment, so that all the perfora- 
Sons in a series have at least the z2me outlet orifice diam- 
_ eter. More particufarly, the shape of the perforation 
should be independent of the quality of the vacuum, com- 


2,844,706 


Patented July 22, 1958 


position of the gas present ia the apparatzs, 
produced by ‘ray impact aod variations t2- the mz! 


The problem thus presented is advantascozsly solved 
in a novel manner, in accordance With the inv by 
the provision of means whereby 2 variabts i 
the perforating operation itsel£ actuatcs, ca the attiin- 
ment of a predetermined stage of perforation, 2 switch- 


It has been found desirable to uss 
for this purpese which cuts off, with an 2<; 
of tine Ing. the current required to prove 3 
lar ray. A particularly effective solution of = 
presented, instead of cutting eff the compe 
dependence on a predetermined time Ins, Gzectly In- 
tegrates the current emerging on perforation of the werk- 
picce and represented by the corpuscular ra, 23 ¢Test- 
ing the switching-of operation on the 32: 
predetermined integral value of the reszt 

In the ensuing description of the iavess. 
will be made to the accompanying agra= 
ings, in which: 
. Fig. 1 shows the lay-out of etccirical ¢ 
producing minute perforations in workpissss 
piicstion of concentrated corpuscular reys. ia 
with che invention. : 

Fig. 2 is a diagrammatic representation of 
embodiment of the control circu’t arrang: 
ing to the invention for intereupting the cozpesctlar rays 
while . 

Fig. 3 shows an clectronic device wi 
the switching-of of the corpuscular ray 
ing a workpiece can Jikewise be effected ia Jape 
total throughput. 

In the method according to the inve 
ing minute perforations in workpicces, port 
form of plates or dises, for exampte s 
in spinning nozzle heads, use is made oF 
ment showa diagrammaticalty ia Fig. 2. % 
which a high-intensity ray 2S of elects, chirped 
corpusculsr particles. namely either an clostrca or 2a 
fon ray, can be produced, accelerated, forces 
rected on to the workpicce 11 to be peste: 
arrangements of this kind, so far as the 3: s 
duction is concerned, are in themselves Kroon, the fol- 


* Towing description will be Emited to th: 
- tures essential to the present invention, it Szinz assamed 


that the structural details and the: coastica of the io- 
dividual parts of the equipment are fomTicr to anyooe 
conversant with the art to which the feveztoa per: 

A known type of high tenica genes 


_ aré so used to prevuce a high tension, 


current that an ctectron ray 23 of suitatie 3: 
form a known tyre of hot cathede 4 lo 
vacuum chomber 22.and ray-conceatrating W 


. 5 on the other hand, which ray, after tra 


jostabdle apertured diaphragm 6 and fuzzter i 
paris of the equipment to be descrited in 

impinges upon the workpicce IL located ia perforating 
chamber 1 and supplies the energy req 


1 it to vapourise 
the material aad produce a miate 7. 


ation therein. 


nected to mains through an insulating cansfamer 14. 
A separate unit 16 generates and regctatss the initial 


* immediately drawn off by the diffu : 
prevented from passing directly into the chamber 2a con- ~ 


- and also renders it possible fer the ray 


2,844,706 ° 


clectrical tension required for the Wehncit cylinder, which 
is Vital to the concentrating and accelerating of the ray, 
to be switched 
onand off. By capacitive coupling through condenser 17, 
the regulating device 16 is connected with switching device 
‘18 and with a contro) device 21 which is essential to 
the practising of the inventioa and which will be de- 
scribed in the further course of this specification with 


reference to Figs. 2 and 3, so that cither by direct opera- 4 


tion of push-button 19 or by impulses proceeding from 
the absorber clectrodc 20 in response to the impinging 
of the electron ray thercon, the corpuscular ray and with 
it the perforating operation can be switched on ard of. 
The high tension comporents of the equipment arc in- 
serted in the high vacuum chamber throvsh 3 high ten- 
sion insulator 3. Chambers 2a and 2b must be main- 
tained under 2 high vacuum of at least 10-7 mn, Hs 
if flash-over and dispersal of the clectroa beam on the 
way from its point of origin and the perforating chamber 
are to be prevented from occurring. To maintain the 
high vacuum required, the intermediate charuber 2. is 
connected, by means of 2 flanged tube 25 of large diam- 
eter and 2 plate valve 26, to 2 diffusicn pump 13. 

This arrangement has the adventage' that gascs or im- 


puritics that mzy possibly cater the high vacuum cham- = 


ber 2b from the perforating chamber or the valves are 


jon pemp and thereby 


taining the highly sensitive ray producing equipment. 
A certain degree of separation of the two vacuum cham- 
bers from each other is also achieved by means of the 
adjustable apertured diaphragm 6 located in an inter- 
mediate member pertaining to the housing, which there” 
wise serves to intercept straying particles of the cleciron 
beam. The high vacuum chambers are adaptcd to te 
sealed off by 2n intermediate valve 7 operated auto- 
matically in dependence on the gas pressure obtaining 
in chamber 2c, for which purpose this chamber conimu- 
nicates with a gas-pressure switch 12, for example a 
mercury tube containing two contacts by which electrical 
impulses for the operation of valve 7 are gencrated ia 
a manner familiar to those skilled in the art and therefore 
not needing to be described in detail. When the cover 22 
of the perforating chamber 1 is opencd, a flocding valve 
8, which is preferably clectrically operated and connected 


_ with cover 22 and which serves to establish commuai- 


cation with the outside atmosphere, is simultancously 
opened, while at the some time the intermediate valve 7 
is automatically closed by the increase of pressure. For 


the purpose of establishing ths recuced pressure required 5! 


for the perforating operation, the intermediate chamber 
2c communicates, through a branch pipe 24 and suctica 
valve 9, with an exhausting pemp 29. In the embodi- 
ment shown, the clectroa beam 2S traverses, shortly be- 


fore reaching the perforating chamber, an electromag. 5 


netic lens 10 having an adjustable magnetic field and 
-serving for the focussing of the tezm. The workpiece to 


be perforated, which may be for example 3 spinning * | 


nozzle bead made of metal or slass, and particularly of 
quartz glass, is introduced into the perforating chamber 
1, with cover 22 open, valve $ flooded and valve 7 closed, 
and placed upon 2 supporting Cevice 27 adapicd to be 
actuated and controlled from outside. As scon as the 
exhausting pump 29, after closing of the cover 22 2nd of 
the flooding valve $ coupled therewith, has estadlished a 
sufficiently low gas pressure in the perforating chamber 
1 and in the intermediate chamber 2c. the intermediate 
valve 7 cpens automatically and the electron beam can 
then be switched on by operating the push-button 19. 


Thus, together with the cover 22, the flonling valve $ 7 


and the intermediate valve 7 are both so ccupled to the 
switching device 23, by means of contacts 232 and 23, 
that the flooding valve $ can not be opened as long as 
the intermediate valve 7 is o7en. Moreover, with the 


“aid of Known electrical interlocking means, the pressure ©: 


. wae. 


| 
| 
| 
| 
| 
4 
| 
| 
| 
f 
\- 
ee 
cpatrel devise (not shown) . 
smediate valve 7 that this 
the spressuse switch has 
ato so conpied 
$ as soon 3S 
© completely | 
has faulty , 


tesponded. The “in: 
with the sucticn valve 


reliable operation of the ¢4z 

operation is rendered incapas: 

tus er endangering its proper Frastioning. 
At the same time, in order 19 chiaia the desires uni- 

formity of perforation itreszeciive of variztions ia cir- 

curnstences other than clectzical qua even whea 

these latier remain constant, te2ns are Pp 

ing to the invention for intefzepcing the electron beam, 

after piercing the werkpisce 11. Sy 2a electrically atsorb- 

ent clement 20. The r: az charge releases electric 

impulses which are impasted es the control devise 12 and 

which automatically switch of 

the intermediary of the 
To.this cad the suite 


ng device 13. 

2 12 may te so arranged 
that the clectron te> waies 2 Freadjustodle, precision 
time switch mecha cuts of the electron beam 
after the lapse of 3 cert ecicd of time starting from 
the emergence and initial impact of the team. The size 
of the outlet crifice of the perfor: cby rendcred 
to a very considerable extent] rf the thickness 
of the workpiece and of varies stracture of the 
material of which it 3s comgesal 

In accordance with the 
ecdure may be adopted, ia 
inary, tapered perforztica t ced Which just picrees 
the prescribed thickness of Woz sia the sescad stags | 
which rormally foHows isms uzon-the first, the 
outlet orifice is expacded to ths required extent dy the 
application of an apportioned a=cunt efenersy-  - 

In order to feflfill sti further ze ents ia regard 
to compliance with extremety closs Ems, for instance 
in the size of the outict orifice of a spinning rozzie-bore, 
the method .2ccording to ths iaveatioa ray te comied - 
to a still higher pitch of jazszracy acd isstimiaation. 
Instend of predetermining tke length ef time for which 
reperforating is c2rricd oxt, 221 is to say, the time that 
elapses between the emergence 233 icitial impact of the 
electron beam on the one acd and the sazching-cF of 
the electron beam on the spe tad, it is possible to ab- 
sorb in a suitable manner the eleetsic charge entraines 
by the corpuscular team (iia the case of 2a electron team 
the negative charge), to inteRate the cherge current 20d 
to. arrange for this Inter, whoa it hos t St up to a pre= 
determined quantity, to Impast on iy which initiates 
the switching operation. [In wtis case, the duration of 
the perforction finishing dperacson is reguiated automat- 
ically in accordance with the progress of this operation 
and continues automatically coil the required size of 
outlet aperture is obtained 22 is then automatically ter- 
minated. The extent of the tschsical pzogzcss achieved 
in this way will be ucderstox! when it is considered th2t, 
in the case of spinnerets, ise orifices of a diameter os 


a small as Ip are often catled for. At dzgrees of frencss 
of this order, mechanical or meaasal costrel ef the switch- 
ing Operations is clearly, gets out of the “question if 
uniform repetition wosk is to De ascem:plisked. : 

A preferred form of gozstzzcSea of the means pro- 
vided in eccorance with |th: invention for this purpose, 
which are merely indicajeal Jisgraamsticcly in Fis. 1 
and which consist of swith grar connected with the ad- 
sorber electrode 20, is shown is Fiz. 2 After piercics 
the workpiece 11, the — team imzingss oa the 
atsorter clectrove 29 wi 3s ccorested, through the 
cover 22 of the perforatics chamber 1. with 2 mirror 
galvanometcr 31 the seasiivizy and Camping of which 
3s suitably sdjusted by msass of a variztic resistanse 28. 
As the charge grows, the ciirror guivanometer is de- 
flected, whereby 2 Tight texan 283 tercen on to ths 
mirror of the galvancmster dy the Eght source 32 


$ 
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, A 5 f i * Sites oytemiocone 
equipped with beam-concentrating optical means, Is te- electric current are not quite proportional to the cor- 

/ Sected back in the direction 455. Ia the position of rest, responding variation of the diameter of the outlet ccifice 
the beam reflected by the micror of g2lvanometer 31 of the perforation produced. i ; 
points in direction 45c¢ where 3 screen 33 is suitably The method secording to the ‘invention also compen- 
mounted, having a mark inJicating the position of rest. sates for miner vartiztions in the imiensity of, the elece 
When discharging has reached a certain predetermined tron m which may be brought about by the sondi- 
stage, the emergent beam 45% is allowed to fall, through tions odtuining at the source of the beam. 

2 narrow slit in the diaphragm 34 on to a photo electric When the workpiece conmbts of insulating material, 
cell 35 located behind this diaphragm. The emitted the switching-off signal may become falsified by stip or 
photo clectric current, of an electric current suppticd influence charges Which are geacrully apt to produce pre- 
for cxample from a source 36 and admitted by reduc- mature initiation of the switching opcration.. Tt has 
tion of the resistance offered by the photo clectric cell, proved effective for the purpese of climinating ii 

can then be amplified in Known manner by means of an perfection, to apply a conductive coating consisting for 
amplifier 37 and the amplifed current fed to the switch- instance of 2 Vupourised metal Iayer on, a Iyer of 
ing device 15 shown Giagrammatically in Fig. 1, which in graphite to one side or both sides of the workpiece and 
its turn effects the switching-otT of the clectron team. to catth such layer cn-lsyers during the perforation 

The galvanometer 31, by virtue of thé fact that the operation in erdcr to disperse any charge that may 
damping revivxaze 39 is Wonncted in parallel therewith, collect. : 
nets 25 2 leakage galvanometer, so that the extent of its ‘After the beam has teen cut off, the werkpisce can 
Ecflection is at all times progortional to the integral of cither be removed by opening the cover 22 which there- 
the current. Its zero pesitioa can be so adjusted that the by trips contact 235 to produce on electric impulse 

“sequired size of the outlet ezifige of the perforatica pro- through Switch © 23, which opens the flocding 
duzed by the clectren team is obtained. _-vatve 8 or alternatively, in the event of a number of 

Another possible mods of controlling the switching-off perferstions having to-be msde. as is generally ths czse 
ef the electron beam so 23 t obtain the required result With spiansret heads, the werkgicce is first moval into 
consists in arranging fer the electric current supplicd by the positicn required for making the next perforation, 
the absorbing clectrove 29 to charge 2 condenser which by means of. device 27 operable from cutsids, after 
jnitiates the switching cpezation 2s soon’ as the tension which the electron beam caa be switched on again dy 
‘of the charge has built up to a predeterminsd figure. operating the push-button 19. 

Fig. 3 illustrates an cimboviment of art electrical Tor the purpose of reproducing accurately a pre- 
procedure. After piercing the workpiece 11 placed in scrited arrangement of prforations in 2 given work- 
the perforating chamber 1, the electrically charged cor- _—piece, it is expedicnt to use a preferably enlarged. t2m- 
puseulor beam impinges oa the absorbing electrode 20, plate or diagrammatic stencil 27a on which the posi- * 
thereby charging a condenser 33 provided with a par- tions of the individual perforations can be followed by 
allel-connested sesistanse 39. Connected to condenser 35 means of a stylus. The arrangement may be such that 
38 are the deflecting clectrodes 41 of a known type of a singl: vacuum-tight lead-through accomn:adates the 
‘cathode ray tube (Braun's tute) to which, as indicated = means fer enabling the workpiece to bs moved con- 
diagrammatisaly, current is supplied throush device 46. .troitably in two or even in three dimensions, while the 
In the position of rest, thz cathode ray produced by tude movement conirel mechanism is snap-loczted into posi- 
49 is emitted in the direction indicated atis2a. However, tion for cach perforation of the workpicce. Ta this 

_ as soon as the electric field between electrodes $1 reaches say. a perforation pattern can de exactly reprodeced 
‘2 certain value as 2 resutt of the charge building up on or otherwise transmitted. 
condenser 38, the first cathede roy is deflected in dirce- Operation of the equipment is facilitated if atl: coa- 

* Gon: 426, impinges on 2 further absorbing electreve 43 trols arc grouped in a desk typ2 housing and, as indicated 
thereby releasing in an amptifer unit 44.a switching cur- 43 in Fiz. 1, the corpuscular beams 2re inctined from be- 
rent which effects, through switching device 1S, the switch- Tow upwerds, so that a person standing in freat of the 
ing-off of the electron be2m 2S at the main control de- perforation chamber 1 can conveniently carry cut the 
vice. 4 = inserting and removal ef werkpieces with the aid of 

More particularly the two last described variants of an inspection window (net shown) provided at the side 
the method according to the invention ensure an Weal 3) of the apparatus. through which the interior of the per - 
uniformity of all perforations produced! in this way in 2 foration chamber and the progress of ‘the perfcrating 
workpiece. Owing to the fact that only the centrat operation can be effectively observed. Z 
portion of the electron team actually pierces while the The methed according to the invention has a par- 
remainder impinges on the topering inncr sur faze of the ticularly valuable application in perforating heads of 

perforation producing a charge thereon, no variations 55 szinning nozzles. in view of the fact that the production 
can occur in the perforating process. The charge at the of artificial fibres from fully synthetic organic materials, 
perforation wall varies greatly with the nature of the porticularty fins spino-ret gpertures of a high dsgrce 
gateriat and its temperature. Other’ chance circum- of vriformity ore required. Spinnerets of this kind 
stances may also play 2 part. for example of a smail pat- often cempriss many thouxands ef minute and closely 
Sele of the material-breaks away. All such variations, groups orifices distributed over a small area. Wish other 

.-  Bowever, are compensated for by the method szcerding = methods it would hardly be possible to obtain evea Jistri- 

fo the invention. because enty the actually piercing por- tution. ss 

tion of the electron tezm is utilised for controlling the I claim: ; Se ae 

switching-of mechanism, ircespective of how large the 1. In the method of preducing minute perforations 

remainder ef the team may be, which’ becomes lost and €3 through a solid body by means of thermal impact pro- 
dissipated after pscdscing a ‘sharge on the material of the vided by a directed and concentrated corpuscular Scam 
worknicee. ¢ * ms electrically generated in vacuum, cemprising maiatain- 
It is alto powie to combine the method operating — ing said concentrated beam on said body until a per- 
with a proveterminad tims lag with the method operat: - foration is produced therethrough, permitting soid beam 
ing in dependence on the traversing charging current. 70 to pass through said perferaticn onto 2 chargeatis efec- 
_ by governing the reperforating operaticn according to trode’ until said perforation attaine predeterminsS di- 
some functional depeniznze on the 'tim: required for mensions. and terminating said beam automaticchy” by 
the current difference to reach 3 certain predetermined means of response of said electrode, said electrate re- 
value. <This proscdure can be of advantage in cases 


- = sponse activating a switch means for terminating said 
ia which slight alterations of the integral value of the 75 team. > Sri 2 


- aay f 

2. The method according to claim 1, whereby said 
beam is permitted to impinge on said electrode for 3 
predetermincd time effected by means of an adjusteble 
time delay means. 

3. The method according to claim 1, comprosing ter- 
minating said beam by utilizing said clectreve response 
to activate a mirror galvanometer and cat i 
. galvanometer to activate a photoclectric awit 

4. The method according to claim 1, comprising ter- 
minating said beam by utilizing said electrode response 
to charge a condenser which upon discharge energizes 
a beam terminating switch means. 


$. The method according to clrim 4, comprising util- 5; 


Bring said clectrode rexponse to activate and deflect the 
tay of a cathode ray tube, sail deflected ray being di- 
rected to energize a second clectrede which is caused 
to energize a beam terminating switch.! . 

6. In an apparatus for producing raimute perforations 
throuch 2 solid body by means of thermal impact pro- 
vided by a directed and concentrated corpuscular beam 
electrically gencrated in vacuum, a chargeable clectrode 
positioned rearwardly of said body, szid chargeable clec- 
trode deing electrically connected to a switch means, and 
an adjustable time delay means electrically connected be- 
tween said electrode and said switch means, said switch 
means being clectricatly connected to a source of said 
corpuscular beam. 
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| 7. Ta an apparatus according to claim 6, whercin said 
time delay means comp ‘iss a mirror galvanometer con- 
nected to said electrode znd -responsive to the charge 


. Of said clectrode, and a|photocell positioned to intercep! 


Tight deflection of said nhirror. ; 

& In an apparatus according to claim 6, wherein said 
time delay means comptizcs a condenser electrically con- 
nected to said clectrov¢ anJ to said switch means. 

9. In an Srparatus;sjeording to claim 8, comprising 2 | 
cathode ray tube containing ray defecting means, said 
means being connected|to said condenser, and a sccond 
electrode positioned tol intercept deflected rays of said 
cathode tube said secon) strode being clectrizally con- 
nected to an amplifier ‘means and said amplifier means 


15 being electrically connected lo said switch means. 
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This invention relates to welding, and ‘more particu- 10° 


larly, to an improved method and means for welding using, 
2 controlled beam of charged particles. i | aa ie 

_ When welding is donc by mcans of a source of cnergy 
which applics the cnérgy to the surface of the material 


to be welded, for example, when welding is done by 15 


mocans‘of 2 flame, by means of an electric arc, by means 
. Of electrodes, cic., the surface is heated directly by the 
source of energy and the propagation of heat into the 
material required for melting 2 greater area of material 
is effected by heat conduction. 
It has also been proposéd:to use an electron beam 2s 
means for supplying the necessary energy, but the electron 


desired place on the work piecc. Melting of the matcrial 


to form the weld is caused by the propagation of encrey 25 


taking place by heat conduction through the material. 
None of the welding processes mentioned offers the 

possibility of limiting the melting of the material to be 

welded to a narrow.region of the surfaces to be bonded, 


ssince the thermal cncrgy in the material is propagated 30 


_ practically uniformly in all directions by heat conduction. 

Another disadvantage of the known welding processes 

” yesides in that the propagation of energy by heat conduc- 
tion in the material is comparatively slow. 


Moxcover, the knowa welding processes generally make $5 


it necessary to use special seam shapes, suchas, for ex- 
ample, the known V-scam, and welding materials for 
fillingintheseam. . : “ : 

It is, therefore, one object of this invention to provide 
improved method and means for welding material by 


tates Patent Office . 
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= oS metal flows together and fuses into a proper 
weld. : . “| plese my Beet 

This new process for welding has the great 2dvantage 
that only a small region of the material adjacent the weld 
is subjected to heat stress. |On the other hand, if tho 
welding is carricd out.in the manner known.in the p2st, 


- whereby a beam is directed at the weld heating the ma- 


melting the material at the weld seam in a narrow channel 


It is a further object of this invention to provide im- 
proved method and means for welding material in which | 


only a small region of the meterial adjacent the weld is 45 


subjected to heat stress, Bi 

It is a further object of this invention to provide an 
improved method zad means for welding material at bigh 
speed in which the heat conductivity of the material docs 
not limit weld specd. : : 


: extendjng throvgh the weld scam, : 


50 


It is a further odject of this invention to provide an. . 


- improved method 2nd meens of welding material together 


without preparing shaped welding seams. 
In the welding process according to the present inven- 


supplying energy, said beam being focused, according to 
the invention, at or close to the weld and its intensity 
being so regulated thet the beam, forming a narrow, highly 


heated channel at the place of impingement, penctrates 


into the material 2nd, in so doing, simultancously yiclds ¢ 


its energy to the material throughout the entire depth of 

tion. The intensity of the beam is controlled to 
ensure that a certain rninimum density of energy depend- 
ent on the kind of material to be welded reaches the m2- 


terial at the place of impingement. As soon as this density ¢5 


of energy is attained, the beam penetrates into the ma- 
terial to a depth which depends on the material end on 
the beam intensity forming 2 narrow, highly heated chan- 
pel and simultaneously melting the material. While the 


penetration of the beam. If the bexm is now moved on, 


terial superficially only, the|thermally stressed arca of 
material is about 5 to 10 tintes the area heat-stressed in 
the new welding process. | : 
The new welding process has the additional advantage 
that the welding can be carri 1d out at comparatively high 
specd. This is duc to the fact that_only comparatively 
thin regions of material adjacent the channel of penc- 
tration of the beam. must be heated and melted, said - 
heating taking place simultancously along the depth of 


_penctration of the beam. In the known welding process, 


on the other hand, the superficially generated heat must 
first penctrate, comparatively slowly, into the matcrial 
by heat conduction and cause the melting of a compara- 


“tively large volume of material. ; ate 
It is advantagcous ini many cascs to sclect an intensity 


of the beam of such magnitude that the beam completely 
penetrates the material. This procedure will ensure that 
the work pieccs to be welded are welded together over 
the entire depth of the seam.) : ene 
. The, penetration of the beam into the material can be 
observed plainly. The possibilitics of so doing are de- 
scribed below. As soon as the beam penctrates into the 
work piece, an easily observed characteristic sparking 
occurs on the upper surface of the material. Observa- 
tion of the surface of the matcrial thus permits one to 
conclude unequivocally that |the charge carrier beam has . 
penctrated into the work picce as soon as the abovc- 
mentioned sparking occurs. |. There also exists the pos- 
sibility of measuring the temperature of the material to - 
be treated at or closc to the surface. If the minimum 
temperature required for the penetration of the beam is 
known, it can be concluded that the beam actually pene- 
trates into the work picce when this temperature is 
reached. . Sum thih ory ed 
In-many cases, the minimum density of energy of the 
beam required for the penetretion of the beam is deter- 
mined by preliminary tests. | It is then possible to control 
the attainment of this minimum density of energy during 
the welding process proper Iby controJling the operating 
potentials of the beam generator such as an electron gun. 
The penctration of the © carrier beam into the 
material also produces a sudden change of the X-ray 
radiation occurring above the material. Measuring of 
said radiation will permit the observer to conclude un- 


. equivocally that the beam is Sere 


* tion, 2 beam of charged particles is used as means for 55 


. beam thus penetrates, the material laterally adjacent the 49 
beam is melted simultaneously over the entire depth of 


It is equally simple reliably to determine that the beam 


“is passing through: the material to be treated. Several 


possibilities exist, some of which will be mentioned below. 

If an electrode is arranged underneath the work piece 
to be treated and spaced therefrom, the current absorp- 
tion of said electrode will unequivocally determine that 
the beam has penetrated. Another possibility consists in 
placing the work piece in an insulated position and in 
measuring the current absorption of the work piece as 
the beam intensity is increascd. As soon as the rate of 
increase in current 2bsorption decreases, the beam has 
penetrated the work piece. 

If devices are arranged underneath the work piece to 
measure the current caused by the stray and secondary 
electrons emitted, the incr: of said current will prove 
clearly that the beara has penetrated the material. 

Another method for measuring penctration consists of 
arranging a detectable substance, such as a radio-active 
substance, below the work) piece’ to bs welded. A do- 


tector is’ positioned below the work piece with a field of 
" : sete *, “|e * y - 


i 
eat 
- “os 

i 


Which does not include the Substance, 
tion of the Substance is made if uy 
does not penctrate the material, | 
If the beam penetrates the material, the detectable sub- 
stance is evaporated into 
Gctector 


Thus, no - 
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FIGURE 9 is a sectional view of two work pieces con- 
sisting of thermally different materials which have been 
weldcd together by mcans of the new process; 

FIGURE 10 is a sectional vicw of 2 sct-up seam pro- 
duced by means of the new welding process; 

FIGURE 11 is a sectional view through a shaped plate 
“welded to a cover plate and a base plate; ~ > 
. FIGURE 12 is a top view of a work picce treated by 
mcans-of the new welding process; ms 
FIGURE 13 is a section through two plates welded 

together by mcans of the new welding process; 

FIGURE 14 is a sectional view of a set-up scam pro- 
duced by means of the new welding proccss; 

FIGURE 15c is a spot welding carricd ovt according 
to one of the known processes; : 

FIGURE 15d is a spot welding carricd out by means of 
the new welding process. ; 

FIGURE 1 shows an apparatus constructed according 
to the invention for welding with the aid of an electron 
beam; wherein discharge of the electron beam is con- 
“trolled by impulses during. the welding opsration. 

The apparatus comprises an oil-filled container 1, on 
which is mounted an insulated pulse transformer 2, the 
leads of which are brought into the container through 
aninsulator attachment. <A three-wire high-tension cable 
3 and another insvlator attachment 4 also dip into the 
container 1. The lincs for feeding the filament voltage 
to th cathode 5 and for feeding the voltage to the Wehnelt 
cylinder 6 pass through the insulator attachment 4. The 
grounded anode 7: is shown underneath the Wehnoclt 
cylinder 6. : : * 

A high potential of, for example, 100 kv. is generated 
in the source 45 and is fed to the potential contact device 
44 by means of a high-tension cable provided with a 
ground sheath. The potential control device serves to 
produce the adjustable heating voltage and the adjustable 
Wehnelt-cylinder voltage. The potentials are introduced - 
into the oil-filled container 1 by way of the three-wire 
high-tension cable 3 provided with a ground sheath. The 
cathode 5 is maintained at a negative voltage with respect 
to ground, for example, —100 kv. The Wehnelt elec- 
trode is biased to a higher negative potential, example 
—101 kv. The bias potential is applied through the 
secondary winding of the pulse transformer. 

A time base generator 45 serves to produce the control . 
pulses. In the example illustrated, the device is at ground 
potential. The control pulses produced by the device 
46 are fed to the primary winding of. the pulse trans- 
former 2. This winding is at ground potential. The 
secondary. winding of the pulse transformer 2 is insulated 
from the primary winding with suitable high tension in- 
sulation since the secondary is at a high potential with 


_ Fespect to the primary. The transformer 2 is a step- 


up transformer, serving to convert the pulses fed to the 
primary winding to high-tension potential. re 
The arrangement is made in such a manner that the 


- beam generating system 5, 6, 7 is at first locked, i.e., that 


no electron beam can leave the anode 7 as long as the 
pulse generating device 4$ docs not operate.- This result 
is obtained in that the Wehnelt cylinder 6 is biased with 
2 negative potential with respect to the cathode 5, for ex-. 
ample, 1 kv. more negative. If the pulse generating de- 
vice 46 is switched on, the Wehnelt cylinder is supplied 
with high potential positive pulses which reduce the 
Wehnelt negative bias to such an extent that an elec- 
tron beam is able to Icave the ancd: 7. The electron 


ra beam is blocked immediately upon termination of the con- 
+ trol pulse by return of the Wehnelt potential to the nega- 
* tive bias. 


Underneath the anode 7, seen in the direction of the 
beam, 2 diaphragm $ is arranged which can be moved in 


the plane of tho paper and perpendicularly to the plane 75 
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of the paper by means of the|knobs 2 and 10 respectively 
and the associate rack and pinions affixed thercto. 
After the electron beam has becn adjusted by displace- 
ment of the diaphragm 8, \the beam falls through a 
grounded tube 15 and is f d at the work picce to be 


_ treated 26, 27 by means of an electromagnetic Iens 20. 


have the reference symbol 21, the lower pole shoes, 22. 
Current for establishment of |the suitable ficld is supplicd 
by source 43. ; | 

Underneath the electromagnetic Iens 20, a deflecting 


The upper pole shocs of C electromagnetic lens 20 


- system 23 is arranged which|serves the purposs of mov- 


* illumination of the work pie: 
+ sists of a lighting system 12 which supplies light focussed - 


: is not shown in FIG. 1.) | 


ing the electron beam 25. he adjustable deflecting cur- 
rents serving to supply the deflecting system 23 are gen- 
erated in a source 61. | 

The deflecting system 23 consists of four coils arranged 
in the plane perpendicular to the direction of the beam, ° 
each of which is provided with a ferromagnetic core. 
The electron beam 25 falls through the opening of the 
deflecting system 23, within) which the deflecting ficlds 
are built up. For further detail of the deflection system, 
reference is mads to application S.N. 774,745, filed No- 
vember 18, 1958, for Method and Device for Working 
Particles by Mcans of a Beam of Charged Particles. 

The welding process is observed by mcans of an . 
optical system, which permits of the microscopic top 

6 26, 27. This system con- 


in parallel rays. This light iis reflected, by way of two 
metallic prisms 13 and 14 through perforations 62, 63 in 
a mirror 16, onto an axially displaceable lens 17 and is 
focussed by the lens onto the work picce. Underneath 
the lens 17 an interchangeable glass plate 18 is arranged 
which protects the Iens 17 from possible contamination 
by metallic vapors. The len$ 17 is moved in axial direc- 
tion by 2 knob 19 and the associated sear drive. 

The light reflected by the surface of the work piece 
26, 27 is aligned in parallel by the lens 17 and is guided, 
by way of the mirror 16, into an observation system 49 
comprising a stereomicroscope. (Sce FIG. 2.) The 
microscope 49 is of a structure known per sc; only its 
objective has been replaced by the lens 17. Between the 
lens 17 and the other parts of the microscope 49 there is 
arranged in the wall 11 of the light-vacuum beam gen- 
erating chamber a radiopaque glass 65 which protects 
the eyes of the observer against X-rays emanating from 
the work piece. There are also provided other filters es- 
pecially those combined with the eyepieces of the micro- 
scope 49 for eliminating harmful radiation. The micro- 
scope is also provided with a magnifying changer 64 
which permits observation of the surface of the work 
piece in various enlargements. : : 

The wall 11 of the bih-vacoom beam generating 
chamber is made of electric: 
is grounded. 


ily conducting material and 
| « r . 
The electron beam 25 leaves the housing 11 through 


- the aperture of the deflecting system 23 2nd enters 2 


treatment chamber 24. Said treatment chamber is also 
provided with a conductive ane and is grounded. In 
the chamber 24, the work pitce to be treated is arranged 
on a compound table which permits movement of the- 
object in two co-ordinate dir¢ctions perpendicular to one 
another. 3 

Electron-beam devices operating above 15,000 v. pro- 
duce X-radiation. In order to protect the operator a . 
properly constructed lead shicld of adequate thickness is 
arranged in the treatracnt chamber 24. (This lead shield ~ 


FIGURE 1 shows two plates 26 and 27 in the treat- 
ment chamber 24, which are to’ be welded together. Said 
plates are held in position by means of a clamping table 


‘28 which, in turn, is mounted on a table 29. Table 29 
ds arranged on another table! 


i 30 which can be displaced 
in the paper plane. A table 31 serves to position the 
entire compound table. ; 


Two hand wheels 35 and) 40 serve to move the me- : 
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an 7 ee 
chanical stage. Rotation of the hand wheel 40 will 
cause the table 39, by way of a cablc, to move from Icft 
to right And vice versa. Operation of the hand wheel 35 
will cause the table 29 to move perpendicularly to the 

drawing planc. po ® 
A motor drive is provided to produce uniform table 
motion in the direction of the seam. The motor drive 
comprises an electric motor 33 which’ drives a whcecl 
36 by way of 2 reduction gcar box 37. | The hand wheel 
- 35 is driven by way of said wheel 36, so that there is 
2 continuous motion of the mechanical stage in the di- 
rection of the scam when the motor 38 is switched on. 
The rotational speed of the motor 38 is controlled by 2 
speed regulator 39. - 
The table 29 is preferably equipped with end-position 


& 
end of the work pieces 26, 27 to be welded together. 
This measure will help to avoid the occurrence of a 
broadly meltcd weld seam at the front end of the work 
picces to be welded together. : 
After adjustment of the electron beam has been com- 


. pleted, the bean is switched off. When the work plat- 


(or limit) switches. Said end-position switches are not . 


shown in FIGURE 1. In the usual ‘arrangement the 
limit switches are coanccted in such a! manner that the 
direction of rotation of the electric motor 33 is auto- 
matically reversed after opcration of! an end-position 
switch. | , 

.. The treatment-chamber 24 is provided with an aper- 
-ture 47, to which is connected a pumping apparatus in- 
dicated by the pump 4S. This pumping apparatus keeps 
both the treatment chamber 24 and the housing 11 at 
high vacuum during the operation. As' is apparent from 
FIGURE 3, the treatment chamber comprises 2 window 
33 which permits simultancous observation of the upper 
side and the underside of the work picce. The window 
33 is fixed on the housing of the treatment chamber 24 
by means of a ring 22. . 

The apparatus for w: 
beam shown in FIGURE 4 comprises a plate 55 made of 
heat-resistant material which serves to adjust the clec- 
tron beam. The plate is supported by hub 53. The hub 
53, in turn, is hingedly connected to shaft 52 which has 

. arack afixed thercto. The rack engages 2 gear 51 which 
is driven by an electric motor 50. The shaft 52 slides 
in a guide 54. Also connected to the shaft of the motor 
50 is a wheel 55 which communicates with the support 
53 by way of 2 cable. : 

_ When the motor 50 is switched on, the plate 55 is 
moved up and down corresponding to the direction of 
rotation of the motor. The cable operated by way of 
the whcel 55 ensures that there is no tilting of the plate 
55. If said plate is to be tilted, the gear 51 is separated 
from the rack of the shaft 52 by 2 coupling (not shown). 

- When the motor 5C is now operated, only the whcel 56 
rotates and the plate 55 is tilted. I 

To initiate a welding, the table 30 is|first moved to the 
left to such an extent that the plate 55 is located under 
the place of impingement of the electron beam 25. 
Thereafter, appropriate operation of the electric motor 
50-will cause the plate 55 to move or tilt in the desired 
manner to permit observation of beam impingement on 

_. the plate to allow the necessary focussing thereof. It 

may be especially advantageous to tilt the plate 55 and 


forms have been adjusted, the motor 38 and the beam 
are switched on to start the welding proccss. 

An electrode 57 is arranged underneath the work picces 
to be welded together 26, 27 in the apparatus shown in 
FIGURE 4; said electrode is supported by means of an 
insulator 58. The electrode 57 is connected to ground 
by way of a resistor 59 and is at the samc time connected 
to an amplificr 60. 

If the welding apparatus is adjusted in such a manner. 
that the electron beam completely penctrates the work 
picees 26, 27 to be welded together, the electrode 57 re- 
ceives an clectric charge. Said charge flows off to ground ” 
by way of the resistor 59, and the voltage drop across 
the resistor 59 can for example, be used to regulate the 
speed of revolution of the motor 3S. This will ensure 
that the work picccs 26, 27 are displaced at a velocity 
such that the electron beam always penctratcs the two 
work pieces to the same extent. The voltage yielded by 


25- the amplifier may also be used to indicate the degree to 


elding by means of an electron : 


which the electron beam 25 is penctrating the work picces 
26, 27. . , 

. FIGURE 5 illustrates an apparatus, by means of which 
it becomes possible to discharge the worked objects from 
the high vacuum and to introduce new objects without 
disturbing the high vacuum in the device. For this pur- 
pose, two additional chambers 71 and 73, provided with 
respective pump connections 72 and 74, are laterally con- 


* nected to the treatment chamber 24. Hinged doors 75 


45 


_ thereby to be able to observe the path of the electron ‘ 


beam, over a comparatively large ares. . 
After the electron beam 25 has been adjusted, the 
table 30.is moved to the right to such an extent that the 


seam of the work pieces 26, 27 is located under the place, 


of impingement of the electron beam) 25. At the same 
time, the table 29 is moved forwardly until the place of 
impingement of the beam 25 is located ahead of the front 
“end of the work picces 26, 27. This position is sclected 
$0 that the table 29, immediately after the electric motor 
38 has been coanectsd, has started to! execute a uniform 
motion even before the welding beam 25 impinges on 
the work pieces. : . ws 
It may be advantageous to provide the plate 55 with 
a Water cooling or any other cooling; this is not shown 
in.the drawing. : | 
It may also be expedient to arrange a Iedge made of 


and 77 serve to scal said chambers with respect to the 
treatment chamber 24. Hinged doors 76 and 78 serve to 
seal said chambers 71 and 73 against external pressure. 
The chambers 71 and 73 contain movable cars 79 and $1 
which can be moved toward the treatment chamber 24 
and away from same by means of electric motors (not 
shown). 

The apparatus shown in FIGURE 5 operates in the 
following manner: ; : r . 

After an object has been worked, the table 29 is moved 
into an end position. After this’end position has becn 


_feached, the motor 33 is switched off either automatical- 


ly or manually, whereupon the trap door 77 is opened 
and the car 81 is moved to the treatment chamber 24. 
Thercupon the object 26 together with the clamping table 
28 is transported onto the car §1 by means of a suitablc 
conveying mechanism (not shown). Said car then runs 
in the direction of the door 78, the door 77 is closed and 
the table 29 moves to the right end position. The trap 


.door 75 is then opened, the car 79 is moved to the left, 


and a new object 0 is transported onto the table 29 by 
means of a conveying device (not shown). The car 79 
then moves to the right, the door 75 is closed, and a new 
welding process can take place after proper adjustment 
bas been made. ; 

In order to be able to carry out weldings in which 
either a protective gas is present or 2 gaseous material 
for admixing is to be conveyed to the weld, the device 
shown in FIG. 6 is used. As is apparent from FIG. 6, 
an electromagnetic Iens $2 is so developed that a scaled 
off chamber 86 is formed between its upper pole shoes 
$3 and its lower pole shocs 84. Said chamber is provided 
with a connection §7, to which a vacuum pump (not 
shown) is connected. The lower pole shoes $4 carry a © 


_ narrow little tubs $5, the cross section of which hampers 


the penetration of gas into the chamber 86, but does not 
prevent the passage of the electron beam. Underneath 
the chamber $6 is another chamber 83 which communi- 
cates with another vacuum pump by way of a connecting 
piece $9. ‘Another chamber $0, which is also connected 


the same material as the work pieces abead of the front 75 to a vacuum pump by way of a connecting picce 91, is ar- 


/ jn FIGURE 1. : 
}. 
/ 


of 


or 
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jranged ‘underneath ‘the chamber 88. A deflecting system 
+23 is arranged underneath the chamber $0, jist as shown 


° BOT a . . ith, 
The treatment chamber 24 is connected to a vessel 93 


valve $4, The excess gas or the resulting reaction pro- 
“duced is withdrawn by means of a pump connected to a 
connecting picce 92. aie ons : 
The apparatus shown in FIGURE 7.serves the same 
purpose as the apparatus of FIGURE 6. In this casc, an 


intermediate pressure chamber 95 connected to a vacuum . 
. pomp by way of a connccting picce 97 is arranged be- |” 
tween the treatment chamber 24 and the beam gencrating -. 


chamber 11. The chamber 95 contains a disc $6 which 
- 4s rotated about shaft 99 by means of an electric motor 
98. Said disc 96 is provided with an annular ring 109 
through which pass holes 101. Said holes 101 are so 


moved between the apertures 102 and 103 at such specd | 


that the time required by gas molecules entering onc of 
* the apertures 101 from the chamber 24 in order-to reach 
the aperture 102 is longer than the time during which the 


apertures 101, 102, 103 are connected. The gas which * 


has penetrated into the apertures 101. is sucked off 

* through 97 when the connection 101, 102, 103 is closed. 
The apparatus also provides for a control device (not 

. shown), which switches on the electron beam as, soon 
as the connection 101, 102, 103 is established, and which 


* switches off the beam as soon as this connection is in- 


terruptcd. 
FIGURE 82 is 
and 127 which are welded together. 
- earricd out by means of a beam 125 which was focussed 
at the surface of the work picces. 128 is the boundary 
line between the two work pieces. During the welding 
, first, 2 small surface area of the work pieces is 
_ highly heated by means of the beam 125. The beam as 
such docs not penetrate into the work pieccs. Heat 
conduction will cause the melting of a comparatively 


Jarge area of material 129, which fuses into a weld scam 7 


aftcr the beam hasbeen moved on. _ 
FIGURE 86, on the other hand, shows the same work 

pieces which have been welded together by means of the 

new welding process. As is readily apparcnt from FIG- 

URE, 8}, only 2 very narrow V-shaped melted area 130 

is formed in this case. : ese 

. The beam 125 is of an intensity such that, while me!t- 


ing the material during the welding process, it penctrates : 


into same and, in so doing, yields its energy to the matc- 
rial over the entire depth of penctration. The melting 
zone 130 is formed in this manner; it is to be noted that 
the heat energy is fed simultancously to all places of 
this zone. : y M 
The above considerations make it clearly apparent that 
the new welding process makes it possible to obtain sub- 
stantially highcr welding velocities than did the previ- 
ously known welding processes, and that the area of ma- 
terial subjected to heat stress amounts to about only one 


tenth of the area subjected to heat stress in the known | 


welding processes. : 

_ FIGURE 9 shows two thermally very different mate- 
rials 131 and 132 which are welded along the seam 133. 
For this purpose, the beam 125 is focussed at the work 


Piece 132 made of the material having the higher melting - 


point. The resulting melting zone 134 also comprises 
& marginal region of the work piece 131 made of mate- 


+» sial having a lower melting point without there occurring 


any overheating of said material. 


FIGURE 10 shows a set-up seam produced by means 
of the new process. In this case the bezoa is so adjusted © 


70 


+, that’ it impinges only on the work piece 136 and pene- 


_. trates into same. The resulting melting zone 137 also 


comprises a narrow marginal region of the work piece . 


135. This manner of controlling the charge carrier beam 
ensures that only material originating from the work 


* at any place. 


which feeds gas to the chamber 24 by way of a necdlc. 


a sectional View of two work pieces 126 
This welding was ", 


ve . t i Seu! 
“that the strength of the work pidee 135 is not diminished 
‘FIGURE 11 shows 2 work |picce 132 which has a 
shaped surface. Said work pice is welded together with 
a cover plate 139: and a base |plate 140. To produce 
“ such a welding, the beam is focussed at the place 14% 
and penetrates at this place the plate 139 and the-work 
‘Picco 133. After the desircd depth of penciration has 
been reached and after the beam has yiclded a sufficient 
amount of energy to melt a sufficiently largc.arca, the _ 
beam is switched off. The mee picees are then moved 
laterally to such an extent thal, for example, the place 
142 is located under .the impingement Position of the 
beam. The charge carrier beam is then switched on again 
and a spot weld is formed. After the cover plate 139 has 
‘been welded together with the work piece 13S at a sufii- 
. cient number of places, the work piece is ‘turned round, | 
Whercupon the base plate 140! is welded together with 
the work piece 138 in the manner described above. One 
oe oe eens places so formed has the reference sym- 
143. ie 2 Sate OES 
a welded woe PAS, oe 139, 140 shown in FIG-. - 
RE 11 can be produced only by means of the new 
* welding process since only onb side of the work picce 
must be accessible for ihe fot of the beam. FIG- 


URE 156 shows one of the resulting weldings by way 

_ of example. As is apparent from this figure, the weld 
141 is V-shaped and has no (constrictions between the 
work picces 138 and 139. 


| ie 
In contradistinction thereto, FIGURE 15a shows a 
weld produced according to the conventional welding 
-process. In a manner known to the art, a first clectrode 
is applicd to the work picce 138, and a second electrode, 
to the work piece 139 for the =o of welding. The . 


welding together produced during the passage of current 
have the reference symbols 144 and 145. These two 
weldings are so developed that-they pass over into one 
another. However, it can be seen readily that the actual . 
weld at the boundary line between the portions 138 and 
139 is very narrow. For this|reason, the welding is not 
very durable with respect to any forces which act lateral- 
ly on the weld. Bea iba aces tp ees 
FIGURE 12 is the view of a work.picce which is welded 
together with a work picce arranged underneath the first 
work piece. The two welds 145 and 147 are so developed 
that successively arranged point-like welding places are 
formed along a circular path|.about the fastening point 


. selected. “Said welds are, for example, so placed at 146 


that cach weld is distinctly separated from the next one. 
At 147 the charge carrier beam was guided in such a 


manner that the resulting welds are adjacent. Guiding 


the welding beam in the manner illustrated in FIG- 
URE 12'will produce a maximum of strength of the re- 
sulting welds at a minimum of the energy used. 
FIGURE 13 shows two plates 143 and 149 which are 
welded together. To produce the welding, the beam is so 
focussed at the plate 148 that it penetrates said plate as 
well ss plate 149 arranged underncath it. The resulting 
welds have the reference symbol 159. This welding 
process is similar to the conventional spot welding proccss. 
FIGURE 14 shows a cover plate 151 which is welded 
together with a work piece 152 positioned with an edge 
thereof contacting the cover plate. To produce. the 
welding, the beam is so focussed at the plate 151 that it 
penetrates said plate and, beyond that, penctrates into 
the work piece 152 for a short distance. The resulting 
V-shaped melting ensures satisfactory welding together 
of the two work picces. The weld has the reference 
symbol 153. -. inte. : ; 
If the new welding process is to be used for welding 
together two work picces which are separated by 2 groove 
having a transverse extension \which is equal to or greater 
. than the cross section of charge ‘carrier beam, the 


th 
" Jatter must be deflected periodically transversely to its di- 


piece 136 is used for the welding process. This means 75 rection of motion to such anjextent that it covers a nar- 
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} yow marginal area about the weld. This measure causes 


) ® narrow marginal zone of the two'work picces to be 


melted, and the melted material fuses to form 2 proper 


/ ‘weld when the beam is moved on. a : ie . : 
* The new welding process can also be used for welding &°\.6. The method in accordance with claim 4 in which 


/ 


together two plates, whereby 2 continuous weld is to be 

oduced in contradistinction to the point-like weldings 
of FIGURE 13. To achieve this purpose, it is merely nec- 
-essary so to move the beam over the plate facing it so 
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clades the step of fuzing the materials together at a plu- 

rality of positions along the periphery of a circle having 
‘its center at the desired position of attachment of the 
+ materials. ; 


. Oe material is positioned so that the edge thereof is in 

contact with the inside surface of the other material 2nd 
* is covered thercby and which includes the step of focus- 
* sing the beam so that it penetrates through the covering 


that it penetrates seid plate and the plate arranged under- 10 material and penetrates the edge of the enclosed ma- 


neath it and that. the beam is moved along lines the 
melting zoncs of which are in‘contact.  - : 

The new process for welding with the aid of a beam 

. was described in conjunction with the drawings by mak- 


ing use of an electron beam. Instedd of vsing electron” 1 


beams, it is equally possible to use beams of other charged 
particles, such as ions formed in a gaseous tube instead 
of the evaporated barrel of the electron gun. 

. <All welding problems shown in FIGURES & to 15 


_ terial in the direction of the enclosed matcrial. 


. 1a: 7. The method of welding together two materials along 


“a"scam between the materials by direct encrgy transfer 
to the materials and without reliance upon heat conduc- 


5 tion through the material to melt the material to the de- 


: sired weld depth which ‘comprises focussing a beam of 

charged particle at the seam betwcen the materials to be ~ 
, welded and sctting the beam intensity to penctrate into 
* the materials and simultancously to heat said materials 


can be solved both by means of a pulse controlled beam 20 along the entire depth of the penetrating beam until the’ 


and by means of a continuously acting beam. This is the 
case because only a very small-area of material is sub- 
jected to heat stress in the new welding process even 
when the welding beam impinges continuously on the 


work picce and because, in addition to the foregoing, the 25 


~ _ welding can be carried out very rapidly. 


The invention can be variously modified and embodied 
within the scope of the subjoined claims. 
+ What is-claimed is: i 


of charged particles on the material to be welded end 


. materials melt and fuze together. seni 

—~8: The method in accordance with claim 7 in which 
t the beam is focussed to yield its energy equally to both- 
* materials. RR me 
9. The method eccording to claim 7 in which the ma- 

f tétials to be welded together have dificrent thermal char- 
acteristics and which includes focussing the charge car- 


t 
‘ sier beam: at the materials to be welded so that the ratio 


- é i . ; *] of the energy supplied to each material corresponds to the 
Ni1. The method of welding material by direct encrgy 30 ratio of the thermal characteristics of the respective ma- 
transfer to the material and-without relying upon heat - cs 
“conduction through the material to melt the material to. 
the desired weld depth which comprises focussing a beam. 


terials. rs eae 
\ 10. The method according to claim 7. in which the 


; materials to be welded are separated by a groove having 
ta transverse dimension as great as or greater than the 


setting the beam intensity to penctrate into the material 35 cross section of the beam, which includes periodically de- 


and to fuze the material over the entire depth of the pene- 
trating beam. : les 


X_2. The method according to claim 1 in which the beam 


intensity is regulated to completely penctrate the ma- 


rial. - . : 
X32 The method according to claim 1 in which the penc- : 


ation of the beam into the material is measured end 
the material is moved to form a weld scam at a rate rc- 


sponsive to said measurement to maintain the penctration | = 3 % 
wigs 5 . References Cited in the file of this pateat 


depth constant, 


1. The method of welding together two materials by 


_ direct energy transfer to the materials and without re- 
Tiance upon heat conduction through the material to melt 
the material to the desired weld depth which comprises 
focussing a beam of charged particles on one of said ma- 
terials to be welded together and setting the beam inten- 
sity to penetrate through the said one of said materials 


2nd into the other of said materials and to melt the ma-' 


terials over the entire depth of the -penctrating beam 
and to fuze the materials. “~ im 
IX 5s The. method in 


j 85 2,932,720 
rdance with claim 4 which in- 3 


 flecting the beam transversely to its direction of motion 

| to such an extent that it impinges vron a narrow marginal 
area about the weld scam. 4 : 

“11, Tho method according to claim 7 which includes 


40° focussing the beam, at the work picccs to be welded so 


that the beam penetrates only into the work piece con- 
‘sisting of the material having the higher melting point 
in the immediate vincinity of the weld scam. 
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UNITED STATES, PATENT OFFICE 
a eee - ELECTRON Scones DEVICE 


* John R. Pierce, New York, N. ¥., assignor to Bell 
Telephone Laboratorics, Incorporated, New 
York, N. ¥., 2 corporation of New York 


Application February 17, 1940, Scrial No. 319,393 .: 
6 Claims. (cl. 250—i62) : | 


This invention relates to electron discharge de- 
vices and more particularly to electrode systems 
for producing a concentrated stream of electrons 
in electron beam or cathode ray discharge de- 
vices. : : 

In my application Serial No. 307,233, filed De- 
eember 2, 1939, of which this application is a con- 
tinuation in part, I have disclosed electrode sys- 
tems for producing a line focus of electron 
streams In electron beam or cathode ray dis- 
eharse devices. As described in my prior appli- 
ention identified above, such line focus may be 
obtained through the use of two or more clec- 
trodes having stufaces of such configuration and 
x0 spaced that fields of a character which will as- 
sure rectilinear motion of the electrons in the 
beam will obtain between the electrodes. The 
requisite configurations may be determined by 
more or less straightforward solutions of space 
charge equations, 

In the case of electrode systems for producing 
a polnt focus of electrons, however, the determi- 
nation, by solutions of space charge equations, of 
the electrode configurations requisite to essure a 
¢esired electron motion throughout the system is 
a highly complex problem and the mathematical 
solutions lead only to approximations of the opti- 
t:um configurations. 

One general object of this invention is to en- 
able the construction of electrode systems for 
sreducing a point focus of electrons, having pre- 
éitable operating characteristics. 

Another general object of this invention is to 
facliitate the determination of electrode configu- 
rations in an electrode system for producing a 
patat focus of electrons. . 

More specific objects of this invention are 
simplify, and to increase the efficiency of, elec- 
oa guns for producing a point focus of elec- 


~ Sons, 


_qa one illustrative embodiment of this inven- 
“ton, an electron discharge device comprises an 


16 trons. : 


Is direction of the electrons is realized. 


cathode traverse rectilinear paths, parallel, di- 
verging or converging. | 

Another feature of this invention resides in the 
determination of the configuration of the elec- 


th: trode surfaces whereby the electrostatic fields 


outside of the electron beam satisfy Laplace's 
equation and which, over the boundary of tho 
beam, will be consistent with the fields inside the 
beam requisive for rectilinear motion) of the clec- 


A further feature of this invention resides in 
a method of designing electrodes having such 
configuration that throughout the electrode sys- 
tem the fields are such that a desired motion and 


In general, in electrode systems constructed in 
accordance with this invention, the electron flow 
in the beam is in accordance with known solu- 
tions of space charge equations,| for which 


20 Poisson’s equation and Newton’s laws of motion 


are satisfied, account being taken of electrostatic 
forces only. For point focus electron guns, the 
solutions of particuiar interest are those for elec- 
tron motion between parallel planes and for mo- 


25 tion between concentric spheres. In|these cases, 
the region containing the electron flow, fj. e., the 


region occupied by the electron beam, if recti- 
linear motion and 2, point focus are to be realized, 
is in the form of a right cylinder for parallel rec- 


20 tilinear electron paths and of a cone for con- 


verging rectilinear electron paths. The elec- 
trodes of the system are made of such configura- 
tion that the fields outside of the electron beam 
satisfy Laplace’s equation and, over the cylindri- 


35 cal or conical boundary, are consistent with the 


solution of the space charge equations inside the 
beam. Stated in another way, the electrodes are 
made of such configuration that over the cylin- - 
drical or conical boundary of the beam, the fields 


40 outside the beam match’'in potential those inside 


the beam and have zero gradient normal to the 
boundary of the beam. 
The invention and the foregoing and other fea- 


seston source, such as a thermionic cathode, an —_tures thereof will be understood more clearly and 
«ectron receiving member, such as an anode, tar- 45 fully from the following detailed description with 
tet'or fluorescent screen, and an electrode sys- reference to the accompanying drawings in 
_%3 Intermediate the clectron source and the which: | : 
Sestzon receiving member for concentrating the Fig. 1 is an elevational view, partly diagram- 
Sectrons emanating from said source into @ matic and Partly in section, of a cathode ray 
‘am of cylindrical or conical form. 50 discharge device illustrative of one embodiment 
~ ta accordance with one feature of this inven- of this invention; oe 


En, the electrode system aforementioned com- Fig. 2 is a graph illustrating the form of the 
ses tvo or more electrodes having coaxial sur- 


x Seneratrices of a number of electrode! surfaces in 
ay defining figures of revolution and of such an electrode system constructed in laccordance 
“““euration that electrons emanating from the 65 with this invention for producing parallel Tecti-_ 


‘. 2. \ 


VAN del boty: 


Sn 


linear motion of electrons in electron discharge 
fee of the beam type, such as illustrated in 

ic. 1; 

Fig. 3 is an enlarged detail view in section of 
the clcctron gun included! in the device shown 
in Fig. 1; 

Fig. 4 is another graph’ illustrating the form 
of gencratrices of clectrode surfaces in an clcc- 
trode system constructed in accordance with this 
invention for producing a converging electron 
oar the electrons in which traverse rectilinear 
paths; 


Fig. 5 is a view in section of an electrode sys- 


tem txcluding clectrodcs' opposed surfaces of 
which are traced by generatrices of the form 
shown in Fig. 3; 

Fig. 6 is a view in perspective of apparatus em- 
ployed in determining the requisite configuration 


“ef electrode systems in accordance with this — 


vention; 

Fig. 7 Is a top view of the apparatas ilustr: ated 
in Fig. 6 and showing in ‘addition, diagramma- 
tically, clectricel elements employed in utilizing 
such apparatus; and 

Pig. 8 is a side view of! the apparatus shown 
in Fig. 6. 

Referring now to the drawings, the cathode 
ray device shown in Fig. 1 comprises an enclos- 
ing vessel 10 within and at one end of which is 
mounted an electron gun including a cathode 
ff and a pair of centrally aperturcd beam form- 
ing clectrodes {2 and {3 coaxial with the cathode 
10. As shown in Fig. 1, the cathode may be of 
the indirectly heated type and comprise a cup- 
shaped metallic member (4, the base surface 15 
of which Js planc and circular and is coated with 
a material having good electron emission charac- 


teristics, and a heater clement §6. It will be’ 


understood, of course, that other types of cath- 
odes, for example, flamentary, may be employed. 

As shown clearly in Fig. 3, the electrode. 12 
comprises two frusto-conical sections [2a¢ and 
42d of uncqual angles andthe surface IT of elec- 
trode {3 facing the electrode {2 is curved. The 


configuration of these electrodes, which serve to’ 


form the electrons emanating from surface {5 of 
the cathode into a parallel rectilinear beam, will 
be described fully hereinafter. 

The electron discharge device includes also an 
electron receiving clement upon which the elec- 
tron beam impinges, which may be of any of a 
number of forms and types. For example, it may 
be a fluorescent screen, en anode or a secondary 
électron emissive target. In the particular em- 
bocliment of this invention Mustrated In Fla, 1, 
the electron recelving element fs 9 fluorescont 
screen or coating 21 on the Inner surface of the 
end wall of the vessel 10 remote from the electron 


The device may include one or more electrodes 
or other means for affecting the electron beam 
produced by the electron gun. For exampie, it 
may include sweep or deflector plates or coils for 
controlling the direction of the generated elec- 
tron beam or one or more electrodes for con- 
trolling or varying the intensity of the beam or 
for focussing or accelerating the beam emanat- 


_ ing from the electron gun. In.order to simplify 
- the drawings, such beam affecting means have 


been omitted therefrom. 
In the embodiment of the invention shown in 


ae Pig. 5, the electron gun is adapted to produce a 


con rging electron beam and comprises general- 
ly the same electrodes as the gun shown in Figs. 


1 and 2, but having different forms and surface 75 


2,268,107 


configurations. The electron cmissive surface 
159 of the cathode member [49 js dished to con- 
form. to 2 scgment of a sphere. The beam form. 
ing electrode §20 is provided with a dished sur- 


G& face 120a, $20b of a particular configuration de- 


scribed hereinafter. The other beam forming 
electrode (30 is provided with a surface 110 of a 
particular configuration also described herein- 
after and with a pair of coaxial cylindrical aper- 


‘10; tures or bores {30 and 180 connected by a re- 
stricted passageway 200. 


One of the principal desiderata in electron 
bearn or cathode ray discharge devices Is the 
attainment of a high beam current in relation to 


16, the emission of the cathode. In the optimum 


ease, all of the electrons emanating from the 
cathode, as from the surface I5 in Figs. 1 and 3 
and from the surface {59 in Fig. 5, would be 
concentrated into the beam Issuing from the scc- 
ond beam forming clectrode, such as {3 or {30 
The beam current will be dependent upon the 
fields extant in the region traversed by the beam 
and these Melds in turn will be dependent upon 
the configuration of the electrode surfaces. 

In accordance with a feature of this invention, 
the electrode configurations are made such that 
substantially optimum beam current is realized. 
Thus, in the case of an electron gun for produc- 
ing a parallel rectilinear beam, the clectrode sur- 


faces in the gun are made such that the clcc- . 


trons emanating from the cathode are confined 
within a cylindrical boundary of substantially the 
same diamcter as the emissive surface (15 in Figs, 
1 and 3) of the cathode and these electrons 


& traverse parallel rectilincar paths normal to this 


emissive surface. In the case of an electron gun, 
such 2s shown in Fig. 5, for producing a converg- 
ing beam, the electrode surfaces are made of 
such configuration that the clectrons emanating 
from the emissive surface 150 arc confined with- 
in a conical boundary and traverse rectilincar 
paths, 

The motion of the electrons within the beam 
requisite to obtain confinement of the electrons 
within the boundary set, as previously noted, is 
dependent upon the fields in the region traversed 
by the beam. In general, the fields necessary 
for the desired motion can be determined from 
known solutions of the space charge equations 
for which Poisson’s equation ‘and Newton's laws 
of motion are satisfied, taking into account elcc- 
trostatic forces only. As noted hereinabove, the 
condition necessary for the desired rectilinear 
electron flow within the beam J5 that the ficids 
outside of tho clectron beam satisfy Laplace's 
equntion and are consistent with tho solution of 
the spaco charge equations within tne beam, 


over the cylindrical or conical beam boundary 


or, stated in enother way, over the cylifidrical 
or conical boundary of the beam, the field out- 
side the beam shall match in potential the field 
inside of the beam and have zero gradient nor- 
mal to the boundary of the beam. 

-For the case of parallel electron motion be- 


“tween two equipotential boundaries, such as elcec- 


trode surfaces, assuming electron flow in the 2 
Girection, within the electron flow, Poisson's 
equation may be written as, . 


(1) 
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¢ belng potential with respect to the plane of 
geto clectron velocity, J the current density, 7o 
the permittivity of a vacuum, é€ the electron 


charge, m the electron mass, and 2 and y the ~ 


directions normal to the direction of electron 
flow and to cach other. : 

in the case of such »araita: ciactron how in 
a beam of constant circular cross-section be- 
tween a pair of aligned equipotential surfaces, 
wherein the flow Is parallcl to the axis of align- 
ment of the surfaces, the fleld outside the beam 
must be an axlally symmetrical solution of La- 
place’s equation which, over the boundary of the 
beam, sntioNes the conditions 


_@) 
and a 


-@ 


* ? . . 
where 2 is distance along the beam, /(z) Is a so- = 
lution of Equation 1, supra, and 7 Js distance 


normal to the beam boundary, 
If ¢=0 and 
: ~ ee o¢ . 
cd =0 at z=0 
coe Dz Oatz Be: 
corresponding to space charge limited flow from 


a cathode located at z==0, the correct solution of 
Equation 1 is 


$=f(2) =AZi (5) 


where 


f~ i Ne 
‘ 2.33X%10-8) - 
In an electron gun for producing 2 converging 


& 


> 1 
It will be appreciated that in both the cuses 
mentioned, the beam and the ‘surfaces of the 
electrodes of the gun will be figures of revolution. 
Hence, any sector of the field bounded by planes 
passing through the axis of symmetry and the 
electrode surfaces will be fully Hlustrative of the 
fields between the clectrodes. ! 

Typical apparatus which may be employed in 
determining the requisite electrode configuration 
of the electrode surfaces in accordance with this 
invention is illustrated in Figs, 6, 7 and 8 and 
comprises a tank 22 having an inclithed bottora 


. surface 23 of Insulating material, and contain- 


electron beam occupying a conical region, the . 


field outside the beam must be an axially sym- 
metrical solution of Laplace’s equation, for which 
the potential <7 dient normal to the conical beam 
boundary is zero, and for which the potential 
along the beam boundary varies in accordance 
‘with a solution of the space charge equations for 
rectilinear eletcron motion between concentric 
“spheres. The requisite. tential »riation along 
the beam boundary may be e* essed by the 

relation : 2 
: LG = Ka?) 2/9 ae(G) 


yee ie 
R= (sux 73) 

# being the current which would flow between 

complete concentric spheres and «? ts a function 

~ of the ratio 


where 


ue 
; : To” 
“. ¢ being the distance.from the center of curva- 
ture of the emissive surface of the cathode and 
to the cathode radius. Particular values of «? 
can be obtained in ways known in the art, 

In both the cases of electron motion noted 
above, i. €., in those producing parallel recti- 


ing a body of electrolyte £4, such as water. Kest~ 
ing upon the inclined surface 23 is a lincar strip 
of insulation 25 having thereon a plurality of 
parallel conductors 26. The insulating strip 25 
has attached thereto a pair of pliaht metallic 
strips 27 and 28, which may be fitted in slots in 


the insulating strip, as shown in Fig. 7. 


As illustrated in Fig. 7, 8 potential is im- 
pressed across the metallic strips 27/and 23, as 
by an oscillator 29 across the terminals of which 
o calibrated potentlomicter 20 13 connected. An 
indicating device, such as a telephone receiver 


“81, is connected to a sliding connection on the 


potentiometer 30 and is adapted to bé connected 
individually to each of the conductors! 26. 


The insulating strip 25 represents the beam © 


boundary in an electrode system the axis of sym- 
metry (A—A) of which is represented by the 
thin edge of the electrolyte 24, i. e.j the water 
line upon the inclined surface 23, The metallic 
strips 27 and 23 represent sections.of the opposed 
surfaces of the electrodes {2 and {3. 


Inasmuch as the inclined surface 23 is of insu- 


lating: material, no potential gradients will exist 
in the electrolyte normal to either this surface 
or the surface of the electrolyte. kewise, in- 
asmuch as the strip 25, representing the beam 
boundary, is of insulating material, no potential 
gradients. will exist normal to this surface. 


Hence, it will be seen that two of the|conditions, 


| 
given by Equation 2 or Equation 4, supra, requi- 
site for the establishment of a field) which will 
Tesult in rectilinear electron flow ate satisfied. 


60 The potential associated with current. flow in a 


Unear beams and converging beams, the poten- ° 


lal variation along the beam boundary will be 
dependent upon the configuration of the emissive 
Surface of the cathode and cf the opposed sur- 
{aces of the beam forming. electrodes. The de- 
termination of the reqitisite configurations by 
solution of the space charge equations is a high- 
ly complex problem and leads to only more or 


70 


less unsatisfactory approximations of the opti- . 


mum configurations. In accordance with a fea- 
ture of this Invention, however, the determina- 
tlon of the requisite electrode surface configura- 
ton Is greatly facilitated. : ; 


%5 insulating strip 25, 


uniform electrolyte satisfies Laplace's equation, 
thus fulfilling the condition that the potential 
outside of the beam must satisfy Laplace’s equa- 
tion. There remains to be determined, then, 
only the electrode configurations which will re- 
sult in the prescribed potential distribution along 
the beam boundary. | 

The requisite potential distrioution along the 
beam boundary can be determined from Equa- 
tions 5 and 6 hereinabove. The electrode con- 
figurations necessary to establish this potential 
distribution may then be determined) by bending 
or forming the strips 27 and 28 and measuring 
the potential at the conductors 26. 
distribution will obtain when the strips 27 and 
28 are of such form that, as indicated by the 


[The proper. 


absence of any signal in the receiver 31, the - 


potential at each conductor 26 matches the 
Proper potential indicated by the calibrated po- 
tentiometer 30. The requisite aaoeote surfaces, 
then, will be surfaces of revolution the genera- 
trices of which are of the form of the strips 27 
and 28, determined as described, corresponding 
to the prescribed potential distributidn along the 


hha 
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It wil be understood that in determining the 
requisite electrode configuration for an electron 
gun for producing a parallel rectilinear beam, 
the insulating strip 25 should be mounted par- 
allel to the water line or axis of symmetry A—A. 
In determining the requisite electrode configuza- 
tions for an electron gun to produce a convery- 
ing electron beam, the sttip 25 should os mount- 
ed so that an extension of the surface thereof 
which represents the be¢m boundary will inter- 
sect the axis A—A at the center of curvature 
of the emissive surface (59 in Fig. 5) of the 
cathode and will make, ‘with the axis, an angle 
corresponding to the angle of the conical beam 
boundary desired in any particular instance. 
The configuration of the electrode surfaces will 
vary, of course, with the included angle of the 
conical beam boundary. 

It may be noted that the configurations of the 


electrode surfaces will be dependent upon the 2 


potential and spacing thereof, both of which 
will be dictated by exigencies of a practical struc- 
ture and device. However, these configurations 
are not dependent upon the absolute magnitude 
of the potentials involved nor on the units in 
which distance is measured. The electrode 
shapes for any desired potential and spacing of 
the electrodes can be determined in the manner 
_ described hereinabove, : = 
Some ‘suitable generatrices for various elec- 
trode surfaces in a device, such as shown in Fig. 
1, for producing 2 parallel beam of electrons are 
Mlustrated in Fig. 2. In such a device, it is con- 
venient to use two beam-forming electrodes, one 
(12) at cathode or zero potential, and one (13) 
_at a positive potential ¢o or & fraction of ¢0 
‘with respect to the cathode. In Fig. 2, the ordi- 
nates are measured in the ratio 
: lf 
'ry 


where r is the distance from the axis of the beam 


and ro is the radius of the emissive surface 15 
of the cathode. The abscissae are measured in 
the ratio. 

ra 
1 To . 


where 2 js distance 
cathode. i 

In Fig. 2, the line O is the generatrix of the 
surface !2c, 12b of the electrode {2 in Fig. 1, 
if the electrode 12 is operated at zero or cathode 
potential. It will be noted that the portion 12a 


of this generatrix is a straight line which makes ; 


an angle of 67.5 degrees with the normal to the 
cathode surface !5. This relationship has been 
found to be necessary in order that the elec- 
tron flow will be normal to the cathode surface 
§5 near the edge thereof. A satisfactory elec- 
tron gun will be realized if the generatrix of the 
portion [20 of the surface of electrode 12 is 2 
straight line making an angle of 74 degrees, 5 
minutes with the normal to the cathode surface 
15. Although, in an exact determination of the 
configuration of electrode surfaces {2c end 12d 
it will be found that the generatrix is not com- 
posed of two exactly straight lines, the cepar- 
ture from exactness introduced by using a gen- 
eratrix of the form shown by line O in Fig. 2 
4s negligible for practical purposes. . 

The surface !1 of electrode 13 will be a sur- 
face of revolution generated by lines of the form 
shown by the curves A: to As in Fig. 2, the par- 
ticular line used being dependent upon the rela- 


along the beam from the 


tive magnitude of the potential (do or the Urie 
cated part thereof in Fig. 2) it ts desizct ¢9 
apply to the electrode 13. mn 
Typical generatrices for the electrode surfac 

one at zcro potential and the other as a y 
potential in a gun, such as Mlustrated fn ¢ 

for producing @ converging cleclron bes, 
shown in Fig. 4: In this figure, whieh Llu, 

the ceneratrices in a gun for producing a : 
.confined within a conical boundary whose c 
ments make an angle of 14 degrees with cae aa 
of syrametry of the electrode system, 7; Ls 


wel 
2dius of curvature of the cathode surface 1$6 
and D is the axial distance between the cathotes 
surface 150 and the surface 1170 extended ts ty. 
tersect the axis. It will be understood, of cautze, 
that the form of the generatriccs will be depends 
ent upon the angle of the conical beam bouid- 
ary desired. 

In both cases, & ¢., parallel and convezsineg 
electron beams, the aperture in the porstty: 
electrode, 12 or {20, into which the beam enters 
will exert a diverging lens action upon the beams 
The magnitude of the diverging effect can te 
calculated from the formula for focal lensth cf 
a lens formed by a circular aperture, nanicty, 

4v a 
MEE, 


where E; and Ea are the ficlds on the two sites 


of the aperture and V is the potential at Us 
aperture, : 

In the case of a parallel] electron beam p-o- 
duced by electrodes having surfaces of the « 
figurations illustrated in Figs. 1 and 2, the px" 
tial and field to the left (in Fig. 2) of the a; 
ture in the electrode !3 are given by Equatl 9 
5, supra. To the right of the aperture the sare 
may be considered field free for practieal j 
poses. Thus, the focal length of the Jens loz: 
by the aperture, taking D as the value 02 = at 
the aperture, will be eee 


0% 


Inasmuch as the electron paths are pata 


between the cathode and the aperture, Wie fe«a? 
distance just after passing throuzh the oirt- 
, ture Js equal to the focal length /. Thus, t-e 
electron paths beyond the aperture will of 
to diverge from a point a distance SD betes 
the aperture or 2D from the cathode surface. 
In the case of a converging beam, the fw3! 
distance beyond the aperture can be determines 
from Equation 8 and using for ¢ and 9° values 
obtained from 2 plot of - 


¢ z 
‘yp versus 7 : 


180 toward the cathode surface 189, it !s ec 
verging toward the center of the curvature ©? 
the cathode, a distance 7o—D=7e oWiy. 
passing through the aperture, the bras ‘et? 
converge toward a point a distance 1, bryos the 
aperture, la being given by the relation, 


The point of cro: 
yond the inlet end of the ap 
T=Ie+-D from the cathode. 


It may be remarked that accurate sett mie 


for focal length determincd by the ¢¢z 
<6 given above will be obtained only if the c= 


—_ 


‘When the beam reaches the end of the ny- idee | 


- 


AMET wee 


: ; nabs sasaki imaibtdenettat unas! ad ca 
roe ° 


SA 2,268,197 


to. electrode {30 distance {ts several times the 
diameter of the aperture 180. 


to’a boundary, all elements of which are normal 
. to’said emissive surface at the’ periphery thereof, 
/3e may be noted further that for a value of and for which, in said boundary, ¢=K(a*)24, 
Hf D ‘+ where K is a constant and «? is a function of 
. 4 7770-20 a & : ™ M ry 
- the beam emerging from the aperture will be | To | 
substantially parallel. ro being the radius of curvature of/said emissive 
_ Although specific embodiments of the inven- surface and r distance from the center of curva- 
. {ian have been shown and described, it will be 10 turc of said emlssive surface. 


understood, of course, that they are but illus- 4. The method of determining the configura- 
trative. For example, althourh clectron guns  . tion ef electrodes fn an oclodtrade ryatitiil, psiiillsite 
utilizing but two bearn-forming electrodes have for establishing rectilinear motion of electrons 
teen shown, it will be understood that guns em- between said electrodes and within a boundary 
ploying more than two such electrodes may be 15 of predetermined form, which compriscs immers- 
constructed in accordance with this invention. ing a pair of formable metallic strips and an in- 
Furthermore, although the electrode {2 has been sulating strip in an electrolyte bounded at one 
éeserloed as maintained at cathode potential, it surface by an insulating surface, locating said 
may have a variable potential applicd thereto, metallic and insulating strips on said insulating 
“to modulnte the electron beam. Various other 99 surface in the relation in which the clectrodes 
modifications may be made in the devices shown are to be mounted in sald system with respect to 


and described without departing from the scope the electron beam, the insulating strip corre- 


_and spirit of this.invention:as defined in the sponding to sald boundary, impressing 2 poten- . 
sppended claims. tial between said metallic strips, measuring the 
‘What fs claimed is: 


26 potential at a plurality of points along said in- 
1. An clectron gun for electron discharge de- sulating strip, and altering the form of sald me- . 
vices comprising an axially symmctrical electrode tallic strips until the potential along said insu- 


system Including a cathode having an electron lating strip varies in accordance with a predeter- 
_emlssive surface and including also means for mined relation corresponding to rectilinear mo- 
éirceting clectrons emanating from said surface, 30 tion of electrons in said electrode system. 
tn the presence of substantially complete space 5. The method defined in claim 4 which com- 
charee, along rectilinear paths lying within a prises altering the form of said metallic strips 
boundary of revolution traced by a lincar gen- until the potential along said insulating strip 
eeutrix extending normal to sald surface at the varies in accordance with the relation ¢=Az23 
sesiphery thercof, sald means comprising s pair 35 where ¢ is potential, ae 
ef spaced electrodes having opposed, coaxlal cen- * j a3 
tratly apertured surfaces Se Altai faring A=(sa52a55) 

* axay from sald emissive surface, and said op- rors ; 
weed surfaces corresponding to equipotential i ; Senecio the origin of said system, and 

which satisfies Laplace’s * 5 

vet Gah opposed aartnses for 6. The method of constructing ip electron gun 


Sate 


e 
: 
t 
t 
‘ 
fe 

4 
% 

K 
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} 
es 
: 
co 

4 
-- 
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b 
.. 


which the potential gradient is zero normal to for producing a converging conical electron beam, 
~gatd boundary of revolution and for which along scidyeunycomprsing sen See xtacezCorre 
satf boundary of revolution the potential in-  SPOMding to a scgment of a sphere|and a palr of 
ereases exponentially as a function of distance 45 spaced electrodes coaxial with said] emissive sur- 
from sald emissive surface. face and‘having opposcd surfaces, which method 
2 An electron gun for electron discharge de- comprises immersing a pair of formable metallic 
fees comprising an axially symmetrical electrode . ee Ae cen pe . soebcrra . 
«vem Including a cathode having a plane, cir- { us ti f y locati: id an Ni x in. 

. “ar electron emissive surface, and a pair of 50 lati: Ses ‘ace, pees ane mt c a nan 

- soreed electrodes opposite said emissive surface, ari oe . ont nt wee 1 aoe Sone a aoe ms 
ea'd electrodes having opposed surfaces of revo- Telation in which the electrodes are to be mount- 
-Bation conforming to equipotential boundaries of  ©4 in said gun, the insulating strip correspond- 
¢frld which satisfies Laplace's equation between ing sek cee Cy aS ca aan a 
ersCpposed surfaces, for which the potential 56 Potential between said metailic strips, measur- 
rtdtent fs zero normal to a boundary, all ele- ing the potential at a plurality of points along 

- feetds of which are normal to said emissive sur-  S#id insulating strip, altering the| form of said 

tae at the periphery thercof, and for which, in metallic strips until the potential along said in- 
astg doundary, = Axis where ¢ is potential, 2 sulating strip varies in accordance with the rela- 
& distance fre sald err“sive surface and 60 08 = K(a?)29 where ¢ fs potenti, K is a con- 

Sa Pu ee stant and «? is a function of 

A A fons 3/3 E - 
<i “\2.33X10-¢ : ; na 
“ #delne the current density. : ; ; i 


. | =< 
3. An electron jun for electron discharge de- 65 ro being the radlus of curvature of said emisstve 


_ ers comprising an axially symmetrical electrode surface and 7 distance from the center of curva- A 
- fm Including a cathode having an electron ture of said emissive surface, constructing elec- 
watetse surface conforming to a segment of 2 trodes having surfaces the generatrices of which 
“Ruse, and a-pair of spaced electrodes oppo- correspond to the form of said metallic strips as 
“ete taid emissive surface, said electrodes haying 70 thus altered, and mounting sald electrodes and 
. "Med surfaces of revolution conforming to an emissive surface in the relation|in which said ° 
secooteatial boundaries of a field which satisfics metallic strips were mounted in said electrolyte. 
ts="ace's equation between safd opposed surfaces, 4 
. 2 which the potential gradient is zero normal JOEBN R. PIERCE, 
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BRIEF FOR PLAINTIFF-APPELLANTS 


I 
ISSUES PRESENTED FOR REVIEW 
(1) Did the lower court err in finding that the disclosure 
of the Schneider patent taught that the materials to be 


i welded moved relative to the beam when in fact there is 
absolutely no such disclosure? 


(2) Was it not improper to consider an article as ‘‘prior 
art”? which article was published after the filing date of the 
patent application? 
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(3) Was it proper to hold as unpatentable claims of a 
reissue application reciting a novel method of electron 
beam welding on the basis of an inadequate description be- 
cause the applicant thereof, although teaching the inven- 
tion, did not use the same wording of a later filed applica- 
tion but did teach those skilled in the art how to practice 
the invention? 


(4) Does the Schneider Patent 2,778,926 teach electron 
beam welding or the bombardment-displacement technique 
of Stohr? 


(5) Is it proper to hold that a method of welding was 
obvious to those skilled in the art when at the time of its 
discovery all necessary apparatus for performing the 
method were available and after the introduction of the 
method an entire industry was spawned? 


(6) Is it proper to construe 35 US.C. 251 to mean that 
an applicant is prevented from amending his claims, or 


filing a continuation reissue without new subject matter, 
when the meaning and purpose of said statute is clearly 
contrary and is not ambiguous in its phrasing? 


I 
STATEMENT OF THE CASE 
A. History 

This is an appeal from the United States District Court 
for the District of Columbia holding that particular claims 
of a pair of reissue applications of United States Patent 
2.932,720 were unpatentable over the prior art and whether 
the Stohr disclosure supported certain claims, some of 
which were also found unpatentable over the prior art. 


Dr. Jacques Andre Stohr, assignor to the French Atomic 
Energy Commission, filed for a United States patent on 
January 17, 1957, for a method of welding and claimed 
priority on a French application for the same invention 
filed in France on January 19, 1956. Patent No. 2,932,720 


This case has not previously 
been before this court. 
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issued in the United States on April 12, 1960, with a single 
claim. 


On April 9, 1962, within two years of the issue date of 
the Stohr patent No. 2,932,720, the patentee filed for a re- 
issue patent under authority of 35 U.S.C. 251. The Exam- 
iner, during the prosecution of this reissue, permitted the 
entry of certain explanatory material in the specification 
and drawings. Additionally, the Examiner permitted claim 
1 to stand allowed but refused the allowance of further 
claims. An appeal was made from the decision of the 
Examiner to the Board of Appeals on claims 2 through 13, 
inclusive. Subsequent to the appeal, claims 3, 7, 8, 9 and 
10 of the reissue application were canceled, thus leaving 
claims 2, 4, 5, 6, 11, 12 and 13. Of this remaining group, 
claims 2, 4, 5 and 6 were copied from a patent to one K. H. 
Steigerwald, No. 2,987,610, which issued on June 6, 1961, 
on an application dated subsequent to Stohr. The purpose 
of copying the claims of the Steigerwald patent was to 


cause the Patent Office to provoke an Interference Proceed- 
ing to determine, in fact, who was the first inventor of the 
subject matter of these claims. Claims 2, 4, 5, 6, 11 and 
12 were rejected by the Examiner as not finding support 
in the Stohr application as originally filed. Claim 13 was 
rejected as being unpatentable over a patent to Schneider, 
issued January 22, 1957, No. 2,778,926. 


On July 10, 1964, the patentee filed a continuation of his 
reissue application Serial No. 186,617. In the reissue con- 
tinuation, Serial No. 393,800, the applicant again presented 
claim 1 and additionally requested consideration on claims 
2 through 12, inclusive. The Examiner, during the prose- 
cution of the reissue continuation permitted the entry of 
certain clarification material to the specification and to the 
drawings. The examiner rejected claims 2, 3, 4, 5, 10, 11 
and 12 as unpatentable over the above-mentioned Schneider 
patent and rejected claims 6, 7, 8 and 9 as lacking disclo- 
sure in the Stohr application as originally filed. The 
Board of Appeals affirmed the actions of the examiner in 
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both appeals for substantially the same reasons given by 
the Examiner. The appeals on reissue application Serial 
No. 186,617 and continuation application Serial No. 393,800 
were consolidated for Hearing by the Board. 


Action under authority of the Patent Act of 1952 and, 
more particularly, under Section 145 of Title 35 of the 
United States Code, was taken to the District Court for 
the District of Columbia (JA 7-12). In order to reduce 
the issues before the District Court, consideration of illus- 
tative claims 5, 9 and 11 of continuation reissue Serial No. 
393,800 was requested by the parties (JA 32). Claims 5 
and 11 had been rejected by the Patent Office as not recit- 
ing patentable subject matter over the Schneider reference 
and claims 9 and 11 were rejected by the Patent Office as 
not finding support in the Stohr application as originally 
filed. 


The District Court affirmed the Patent Office position. 
The District Court held that claim 13 of Reissue Applica- 
tion S.N. 186,617 and claims 2 through 9 and 10 through 13, 
inclusive, of continuation Reissue Application Serial No. 
393,800 were unpatentable over the patent to Schneider 
under the provisions of 35 U.S.C. 103 (obviousness) and 
that claims 2 through 5, inclusive, and 10 through 12, in- 
clusive, of Continuation Reissue Application Serial No. 
393,800 are barred to plaintiffs under the provisions of 35 
U.S.C. 251 (JA 105, 106). 


It is Appellants’ position that the Stohr welding concept 
was not known at the time of his invention and lacking 
the concept it was not obvious to those skilled in the weld- 
ing arts. The process resulting from this bombardment- 
displacement concept has formed the base for the dramatic 
development of a successful new industry in the best tra- 
dition of pioneer invention. 

As in all worthwhile inventions, Stohr took the state-of- 
the-art as it existed and improved it with the addition of a 
concept which may appear obvious in hindsight, but which 
later events proved to be a most valuable advancement. 
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B. Factual Situations Not in Dispute 


It is undisputed that the physical devices for practicing 
the method, i.e., electron guns of suitable power, evacuated 
chambers of a suitable size, and the mechanical apparatus 
for moving the gun with respect to the seam within the 
vacuum, were well known to the art at the time of the Stohr 
invention. They were available when Storhr taught the 
art continuous seam electron beam welding. It is also un- 
disputed that the continuation reissue was co-pending with 
the parent reissue. 


The Patent Office allowed original claim 1 in each of the 
reissues but has denied all other claims in both reissues. 
The Stohr patent and each of the reissue applications do 
recite an invention as evidenced by the repeated allowance 
of claim 1. 

C. The Stohr Invention 


The Stohr invention contributed to the welding arts a 
technique and result theretofore never achieved or con- 
ceived; namely, utilizing an electron beam for forming a 
continuous weld at the joining seam between metal pieces 
by bombarding the seam of contact with a focused electron 
beam and causing a relative displacement of the beam with 
respect to the seam. 


Prior to Stohr, the welding of continguous members by 
applying melting temperatures at their abutting surfaces 
was avery old art. It was also known prior to the Stohr 
invention that an electron beam, upon impact with a metal- 
lic surface, imparted heat energy to that surface. This 
phenomenon was described in Pirani Patent No. 848,600 
(JA 499) as early as 1907. Others, particularly Schopper 
9,899,556 (1953) (JA 503) and Lorenz 2,844,706 (1954) 
(JA 509) disclosed the drilling of deep holes with electrons. 
Later developments provided that with proper beam con- 
trol, through the phenomenon of melting and evaporation, 
metals could be very finely grooved and shaped. The 
Schneider patent No. 2,778,026 (JA 492) is one descrip- 
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tion of such a process. Schneider also taught that tiny 
filaments could be fused with a ceramic wafer by melting 
the point of contact with an electron beam. 


The art, however, waited for Stohr to conceive and to 
contribute the method whereby solid pieces of metal could 
be joined along their line of abutment with a continuous 
weld through the energy of an electron beam. 


In order to crystallize the issues before this court, this 
brief will be directed to the illustrative claims 5, 9, 11 dis- 
cussed in detail before the District Court. 


D. The Art of Electron Beam Welding 


Although the electron beam welding arts can present 
difficult questions of physics, the determination of the 
issues before this court requires only an understanding of 
several basic principles. 


(1) If a stream of electrons is focused on a metallic sur- 
face, heat is produced at the point of impact. 


(2) That an electron beam cannot penetrate a metallic 
substance; however, when the intensity of the beam 
is sufficient, the metal at the point of impact will be- 
come molten. 


(3) That additional impact will vaporize the metal leav- 
ing a depression. 


(4) That the electron beam can penetrate the vapor and 
melt (and in turn vaporize) an additional increment 
of metal at the bottom of the depression. 


(5) That upon the removal of a succession of increments, 
a tiny, hair-like hole develops through the metal. 


(6) That the focused beam of electrons can only perform 
satisfactorily in a vacuum. 


The effects of this phenomenon, although not completely 
understood, were well known at the time of the Stohr in- 
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‘vention. This phenomenon was used for drilling holes and 
shaping metal. Neither the appellants nor appellee dispute 
this. 

' For many years prior to Stohr’s contribution, welding 
‘was achieved by applying localized heat to the seam of the 
‘pieces to be jomed. A variety of heat sources was used 
including flames and electric arcs. As stated previously, 
ithe art knew that the impact of electrons on metal could 
produce enough heat to drill holes (Schopper and Lorenz 
“JA 503, JA 509) and to fuse a filament to a wafter 
(JA 492). 

Stohr then, took this strange heat source (this turbulent 

' hair-like hole) (JA 60) and directed it along an abutting 
seam to forma weld. This, it is submitted, is an invention 
of the highest order. Stohr also conceived of moving the 
, beam along and relative to the seam to form a continuous 
‘weld. Throughtout the brief we will refer to this as the 
bombardment-displacement concept. 


m 
SUMMARY OF ARGUMENT 


' When Jacques Stohr originally applied for a United 
States patent, he drafted his disclosure to enable those 
‘égkilled in the art’? to practice his invention (35 U.S.C. 
_ 112). Atlthough continuous seam welding with an electron 
"beam was an unknown art at the time, those skilled in the 
' art would, of necessity, be workers having a familiarity 
_ with electron guns and the melting of metals. With the 
' Stohr disclosure before them, it is manifest that such a 
' worker could practice the invention without difficulty. In 
other words, the disclosure finds full support for all of the 
claims presented here for review. 


The District Court completely misunderstood the 

' Gechneider patent. Schneider teaches the joining of a hair- 
like filament to a ceramic body with a short application of 
electrons from an electron gun. No ‘‘welding’’ along a 
seam is suggested in any manner. Especially, as stated 
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by the District Court, there is no “moving the material 
relative to the electron beam”’. (JA 110. lines 23, 24) 
This is absolute error. 


In paragraph 4 of the lower court’s Findings of Fact 
(JA 103, 104), an article entitled ‘Electron Beam Weld- 
ing”’ is cited as prior art. This article was printed after 
Stohr’s filing date. The court mentions in par. 4(b), (JA 
103) that the article is cited to show ‘‘the state of the art’’. 
However, the article cannot be used as a reference against 
Stohr as it obviously has been used. 


The applicant, Stohr, filed for his reissue application in 
a timely fashion. He followed with a continuation reissue 
while the first reissue was still pending. His oaths were 
proper and the procedure correct. Appellee’s late refer- 
ence to a District Court of Illinois ruling based on a dis- 
similar factual circumstance has no bearing here. The 
Patent Office Rules of Practice are clearly contrary to the 
interpretation the District Court gave to 35 U.S.C. 251, 


the statute governing reissue applications. 


Iv 
ARGUMENT 
A. A Consideration of Claim 9 


Because the question of patentability of claim 5 can best 
be decided after a true understanding of the Stohr disclo- 
sure, a discussion of the court’s holding that claims 9 and 
11 are not supported by the Stohr specification will be 
discussed initially. 

Illustrative claim 9 reads as follows: 


The method of welding together two mate- 
rials in a vacuum along a seam between the 
materials by direct energy transfer to the 

Preamble materials and without reliance upon heat 
conduction through the material to melt the 
material to the desired weld depth which 
comprises 
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Step 1 focusing a beam of charged particle at the 
~— seam between the materials to be welded and 


setting the beam intensity to penetrate into 
the materials and simultaneously to heat said 

Step 2 materials along the entire depth of the pene- 
trating beam until the materials melt and 
fuse together. 


This two-step claim was copied from the Steigerwald 
patent No. 2,987,610 (JA 515). The Patent Office agrees 
that claim 9 recites patentable subject matter but contends 
the original Stohr specification did not teach the invention 
recited in claim 9. Particularly, it was the appellee’s posi- 
tion that the Stohr patent does not teach the second step, 
namely: 

“. . . setting the beam intensity to penetrate into the 
materials and simultaneously to heat said materials 
along the entire depth of the penetrating beam until 
the materials melt and fuse together.” 


This is the language of the Steigerwald patent. It is the 
position of the Patent Office that the Stohr electron beam 
does not penetrate the metal whereas Steigerwald’s does. 
However, mere language cannot change what happens 
when an electron beam strikes a metallic surface. The 
resulting phenomenon is always the same. The Steiger- 
wald patent (JA 515) in Figures 8a and 8b, compares what 
he says is known with his improvement. As is apparent 
by a comparison of the two figures, a full weld is accom- 
plished by the known method, Figure 8a, as well as by his 
Figure 8b. Steigerwald says with respect to his Figure 8b 
wherein his process is being used: 
<The beam 125 is of an intensity such that, while melt- 
ing the material during the welding process it pene- 
trates into same and, in so doing, yields its energy to 
the material of the entire depth of penetration.”’ 
(Steigerwald patent, column 9, lines 46-49, JA 524) 
(Emphasis added) 
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It should be noted that the sequence is melting and pene- 
tration, it is not penetration and then melting. It is neces- 
sary to first accomplish the melting at the surface and as 
the material melts and evaporates it can then penetrate 
because a hole is produced. Appellants’ expert Moon 
clearly explained that an electron beam cannot penetrate 
metal. The metal must first be melted and vaporized. 
Then, the beam can go into the resultant hole or aperture 
[Moon JA 63]. 


Q. Now, Doctor Moon, an electron that is focused 
and hits at this point, does it get to this point—in 
other words, penetrate that metal by going through 
a substance like an X-Ray, or how does it ever get 
down here, if ever? 

A. It can only get down through by making a hole; 
it never penetrates the material, as such. 


Q. It boils off a hole and— 

A. It changes the status of the material from a 
solid to a liquid to a gas, and it is only going through 
a gas. 

Q. Now, does this—I might be repeating myself— 
but does this phenomena occur in both Steigerwald or 
Stohr, or in anybody who happens to direct an electron 
beam of sufficient intensity on the seam of adjoining 
pieces of metal? 

A. Right. This is the same phenomena. It is a 
physical phenomena. 

Q. In other words, if % penetrates in Steigerwald, 
even though that is not a good word, it would pene- 
trate in Stohr? (Emphasis supplied) 

A. Right. (Emphasis supplied) 


The plaintiff does not criticize Steigerwald and the attor- 
neys for not knowing the physical phenomenon which occurs 
since the law does not require that the inventor explain 
the laws of physics by which his result is obtained. How- 
ever, because of their imprecise analysis, Steigerwald and 
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' his attorneys recited the invention in the language of what 
| they thought occurred. Stohr, in his application, did not 
' state that his electron beams were penetrating the metal 
but Stohr knew and taught that some energy component 
was penetrating a sufficient depth to form a weld. The 
term ‘weld’? itself imparts dimension or depth. 


As the expert, Dr. Moon, stated on direct (JA 70, 71): 
* * * 


Q. The last claim, Doctor, Claim 9: 

The method of welding together materials in a vacu- 
um along a seam between the materials by direct 
energy transfer to the materials and without reliance 
upon heat conduction through the material to melt the 
material to the desired weld depth. 

Ts that phrase taught by the Stohr patent? 

A. Right. When he [Stohr] speaks of welding, weld- 
ing is to bring two surfaces together, and is to fuse 
the surfaces over the entire surface, so if it happens 
to be a piece of metal this thick, or happens to be here 


(indicating), the welding process would mean along 
this entire abutment. The metal is fused by means of 
the electron beam. 


Q. In other words by definition weld means a par- 
ticular substance or depth? 

A. Right. 

Q. Setting the beam intensity to penetrate into the 
materials and simultaneously to heat said materials 
along the entire depth of the penetrating beam until 
the materials melt and fuse together. 


* * * 


And on Cross-Examination (JA 88-90) when Dr. Moon 
was asked about the word ‘‘penetrate’’ in claim 9: 


Q. Now, I would like to ask you another question. 
Is there anything in there that uses words ‘‘deep 
weld,’’ in that paragraph? 

A. If I look up a Webster International Dictionary 
definition of weld, this means joining and fusing to- 
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gether on the entire surface. If I may, I have a 
copy— 

Q. I would like to have you just answer the question. 
I think we can answer it without going— 

‘A. A weld means along the entire abutting surface. 
Now, if the abutment happens to be eight inches in 
depth, why then the beam has to weld along that entire 
eight inches. If you just relied on the beam hitting, 
like in here, and creating a penetrating to the dept 
electrons would go, say four-thousands of an inch or 
so, you wouldn’t have a weld. The weld has to go 
through the entire abutting surfaces. 

Q. I ask again, please, if I may, does the word 
“¢penetration’’ appear anywhere in that paragraph that 
you just read? 

A. The word ‘‘penetration”’ per se, does not, but it 
is implied in ‘‘weld.”’ 


Actually, no one in the scientific world even doubts that 
an electron beam cannot penetrate either solid or liquid 


metal beyond a few microns. However, by providing a 
beam with the correct level of power density on a given 
spot as taught by Stohr, melting and vaporization of the 
metal on that spot is produced to permit further entry of 
the beam. Thus, when a point along the abutting edges of 
two pieces of metal is vaporized, the beam can go through 
the vapor to the molten metal uncovered to revaporize 


1 Although interrupted here by the counsel for the Patent Office, it is 
interesting to note the Webster definition of ‘‘weld’’: 


«cWeld—la. to unite or consolidate (as metallic parts) by heating to a 
plastic or fluid state the surfaces of the parts to be joined and then allow- 
ing the metals to flow together with or without the addition of other 
molten metal or by hammering or compressing with or without previous 
softening by heat; b. to unite (plastics) in a similar manner by heat; 
¢. to produce or repair (as an article) by this method; d. to produce 
or create as if by such a process. 2. to unite closely or intimately: form 
into or as if into a single unit. 3. to cause (tissues) to form a seal by 
adhesion.’? (Emphasis supplied) Webster’s Third New International 
Dictionary, G & C Merriam Company—publishers, Springfield, Massa- 
chusetts. 1963, p. 2594. 
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, still another increment. The beam thus enters in incre- 
ments to drill a hole deeper and deeper into the metal. 


' As the expert witness, Dr. Moon, discussed (JA 60), this 
' hole is about the size of a human hair and is surrounded 
by a molten metal. Stohr does not teach nor does he claim 
' that the resulting weld has a twenty-to-one, a four-to-one 
depth-to-width ratio, or 2 ‘deep weld” for that matter. 
' Stohr taught that a weld is formed. Claim 9 merely calls 
for a weld—there 1s no mention of a ratio of width-to- 
depth. Tt is unfair to hold that Stohr did not teach the 
" invention of claim 9. There must be an energy penetration 
(or a yielding of energy) of some kind to form a weld, 
whatever its depth or mode of entry. 


Stohr taught a thing of depth (weld), the very same 
thing taught by Steigerwald. Penetration is a necessary 
element of depth and Stohr should not be denied his rights 
because of semantics. 


The Patent Office denied Stohr his invention by ruling 
that his disclosure cannot support the terms of claim 9. It 
is their position that Stohr cannot use a word (penetra- 
tration) that was not precisely used in the first instance. 
This is manifestly wrong. The issue of first inventorship 
should not be resolved by determining who first used the 
word “‘penetrate”’, but rather on who taught the principles 
of electron beam welding. Stohr did. In view of this, 
there is no doubt that claim 9 should be remanded to the 
Patent Office for a consideration as to who first invented 
the subject matter of claim 9. Stohr is ready to join issue 
with Steigerwald on the first inventorship question and in 
fact will be senior party in such proceedings. To deny 
Stohr this opportunity will save the cost of the adminis- 
trative Interference Proceeding he seeks, but it does not 
render justice. 
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B. A Consideration of Illustrative Claim 11 


The District Court held that claim 11 was not supported 
by the disclosure because of the word ‘‘penetrate’’ and 
also that it was unpatentable over Schneider. Claim 11 in- 
cludes the step of moving the beam along the seam to form 
2 continuous weld. Claim 11 reads as follows: 


11. The method of welding two materials in 
a vacuum together along a seam which com- 
prises 


Step 1 focusing a beam of charged particles on the 
materials at the seam, 


regulating the beam intensity to penetrate 
Step 2 the materials to heat the materials until the 
materials melt and fuse together, and 


effecting relative motion between the beam 
Step 3 and abutting edges along the seam to form 
a continuous weld. 


Stated simply the method of claim 11 includes the steps 
of focusing a beam, regulating the beam intensity to pene- 
trate the material, and effecting relative motion there- 
between. For the same reasons as given for claim 9, the 
word ‘‘penetrate’’, if suitable for use in describing the 
phenomena which occur in Steigerwald, necessarily is suit- 
able for use by Stohr. This is plainly true. If one strikes 
the seam between pieces of metal with an electron beam, 
a certain phenomenon occurs. One cannot change that 
with a word. Did Stohr teach a welding process in his 
specification? Does his specification support the terms of 
claim 112 Answers to the affirmative are obvious. Stohr 
did not receive the protection warranted and his specifica- 
tion does support claim 11. 
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It is well settled as to what constitutes adequacy of dis- 
closure. The United States Court of Customs and Patent 
Appeals, a forum of great expertise in patent matters, has 
just recently overruled the Patent Office on a factual situa- 
tion very much similar to the instant case. [In re George 
B. Karnofsky, 390 F. 24 994] There the patent applica- 
tion, in describing a chemical process, stated: 


‘With the present invention, the erude reaction prod- 
ucts are introduced initially into a column which I 
designate a ‘crude splitter column.’ Enough acetic acid 
is removed from the top of this column to carry with it 
all or substantially all of the crotonaldehyde along with 
the vinyl acetate and acetaldehyde. The bottoms con- 
sist of acetic acid in which is dissolved the heavier end 
products, acetic anhydride and ethylidene diacetate. 
‘Also there will be unreacted acetylene removed from 
the top of the crude splitter. [Emphasis added.]”’ 


The Board of Appeals held that one skilled in the art 
would be required to experiment and perhaps be required 
to exercise further invention in following these instruc- 


tions. The COPA, in striking down this contention, ex- 
pressed the standard of disclosure required very clearly 
by stating: 
* * * 
“<Qur concern is whether one of ordinary skill in the 
art would know how to adjust these operating variables 
to achieve the desired result. 
* * *. 

“Ag this court observed in In re Bosy,? supra, 
the issue of whether a disclosure satisfies the require- 
ments of 35 U.S.C. 112 requires two separate analyses: 
ie. first, whether the disclosure contains a full and 
clear description of the invention, and of the manner 
and process of making and using it, and second, 
whether the best mode contemplated by the inventor 
for carrying out the invention is set forth. As there 
noted, these two requirements are referred to as the 

2 In re Bosy, 53 COPA 1231, 360 F. 2d 972. 
In re Gay, 50 CCPA 725, 309 F. 2d 769. 
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‘enabling’ and ‘best mode’ requirements of 35 U.S.C. 
112. In re Gay, supra. Since the brief for the So- 
licitor argues that the specification does not satisfy 
either requirement, it is appropriate to note that each 
argument is felt to be unpersuasive when considered 
according to the analysis set forth in our recent deci- 
sions on this point. Where one of ordinary skill in the 
art would know how to select operating conditions so 
as to achieve a particular result, the failure to include 
a recitation of some specific operating conditions in 
the specification cannot give rise to a rejection either 
under the ‘enabling’ or under the ‘best mode’ require- 
ment of 35 U.S.C. 112.’’ (Emphasis supplied) 


Here, the question is much more simple. It is submitted 
that it would take a very modest skill to practice the Stohr 
invention with his patent as a guide. The question was 
put squarely to the expert, Dr. Moon (JA 44). 


Q. Doctor Moon, in your opinion, could one skilled in 
the art construct this equipment and practice the in- 
vention with the Stohr patent before him? 

A. Without a doubt. 


The expert Moon also found that lines 46-54 of column 1 
gave adequate instructions for carrying out this step. (JA 
87-89) 


This court has recognized in the past that the level of 
‘those skilled in the art’? must be considered. Judge 
Bastian, in E. I. du Pont de Nemours & Co. v. Ladd, Comr. 
Pats., (CA DC) 140 USPQ 297, states: 


“In the District Court proceedings, uncontroverted 
expert testimony established that the name of the 
compound tetracyanoethylene did describe the com- 
pound, and that one skilled in the art would under- 
stand what was indicated by the use of the name. 
Consequently, we are of the opinion that claim 1 is 
not defective for lack of statutory particularity.”’ 


17 


See also Benger Labs. Ltd. v. R.K. Laros Co. (CA 3) 
137 USPQ 693; Anthony Co. v. Perfection Steel Body 
Co. (CA 6) 187 USPQ 186; Holstensson v. V-M Corp. 
(CA 6) 139 USPQ 401; Intricate Metal Products, Inc. 
v. Schneider (CA 9) 139 USPQ 230; Geo. W. Ashlock 
Co. v. Atlas-Pacific Engineering Co., Inc. (DC NCalif) 
139 USPQ 421. 


Therefore, the only possible question is whether Stohr 
teaches ‘‘regulating the beam intensity to penetrate into 
the materials to heat the materials until the materials melt 
and fuse together.”? Such a regulation is merely the result 
of focusing a beam of proper intensity. The focused beam 
on the surface of the material is clearly contemplated by 
the Stohr disclosure (JA 491, col. 1, lines 46-53) and the 
phenomenon that causes the welding is now well known 
to those skilled in the art of electron beam welding. 


Let us now look at the Schneider patent. Although in- 
dependent of its main thrust, the Schneider patent No. 


2,778,926 (JA 492) at one point teaches the fusing of a 
very small element to a base by focusing an electron beam 
at the tip of the element. As stated by the expert, Dr. 
Moon (JA 45), the principal teaching of the patent is 
directed to machining and forming metals by evaporation. 


The Schneider patent only makes a casual reference to 
joining two parts together and it is in dispute where the 
beam is directed. Dr. Moon stated (on cross-examination, 
JA 76-80) that when working with such small elements, 
the beam is directed at the end (from above) of the fila- 
ment rather than at a ‘‘seam’’ which could be considered 
the equivalent of a welding seam. Even if one could say 
that Schneider taught that a beam was directed at a seam 
(assuming that one considers a point of contact between 
a filament and another article a seam), could one suggest 
the concept of displacement relative to this electron beam? 
Of course not. The filament would be destroyed. As stated 


18 


by Dr. Moon, in discussing electron beam welding techniques 
(JA 59, 60): 
= + * 

The area here, the size of this hole is the size 
of a human hair; it is not very big—maybe two or 
three times that at the most—but the hole—and in 
this hole is the vapor of the metal entirely. And this 
metal forms positive ions which stand still and tend 
to focus, keep the beam in the hole which also keeps 
it down in size. Around the hole, due to the fact that 
these electrons are being scattered around in the hole, 
is the liquid phase. This is the liquid, and in here 
is the gas. And you have the ideal situation hereby 
produced, the ideal situation for welding. 

Now if A and B are moved this hole simply is re- 
created. The back part, which is molten, this is sym- 
metrical about this axis—the back part is molten 
eee in and fuses the metals together, metals A and 


Q. This is like a round turbulent area, then, with a 
very tiny hair-like hole through which the beam goes 
through? 

A. Right. 

Q. Now, that tiny tornado-type thing you are going 
to displace, and then how does the weld occur. You 
just mentioned— 

A. Yes. One reason, of course, it pulls together 
is the fact it has to do with the surface tension, like 
your water gathers up on a glass, the metal pulls 
itself together in behind, and a new hole is continually 
created as A and B are moved relative to the beam, 
and as a result of that does not spread out, but the 
perimeter is such it maintains this small hole rather 
than spreading out. 


Plaintiff’s Exhibit 11 shows the type of thermoelement 
with which Schneider was working. If anything, such ele- 
ments are smaller than the traveling hair-like hole of 
which Dr. Moon was speaking (JA 49). Obviously, to 
direct this beam-made hole along a filament would result 
in the filament’s destruction. This illustrates how really 
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foreign the Schneider teaching is from the displacement- 
bombardment concept of Stohr. 


Schneider was thoroughly discussed (JA 78, 79, 80). As 
' clearly established, Stohr teaches the joining of abutting 
materials, whereas Schneider lays a filament on top of 
another substance and it is joined by heating from above. 
Schneider did not direct the beam ‘‘onto the seam where 
the metal adjoins.”? The very word ‘‘seam”’ suggests 
elongation or future movement. Such movement of the 
beam in Schneider is completely contrary to his teaching. 
The only movement Schneider teaches is when speaking 
of his machining and powder melting processes (JA 45). 


Stohr, on the other hand, taught the method of directing 
the beam onto the path where the metal adjoins and rela- 
tively moving the beam and metal along that path. This 
also has a special impact when you consider that the Patent 
Office does agree that invention is present if ‘periodically 
interrupted”? is included. For this to be consistent, one 
must state that the critical element of the Stohr invention 
is the interruptions of the beam while the bombardment- 
displacement is taking place. The expert, Dr. Moon, com- 
pletely destroyed this argument. It is without doubt that 
the inclusion of the ‘‘periodic interruption’’ in Stohr’s 
allowed claim 1 destroyed the effectiveness of the Stohr 
patent. Only this court can remedy this injustice. 


It was after Stohr developed the invention that Steiger- 
wald filed a patent application on the same imvention; 
namely, the method of welding by a bombardment-displace- 
ment method. In his range of protection, Steigerwald ob- 
tained coverage on this broad bombardment-displacement 
concept (as defined by the claims under consideration) and 
also other claims relating to ‘‘deep’’ welds having large 
width-to-depth ratios. The appellant is not requesting this 
court to grant such specific claims. The appellant asks 
only for claims embodying his bombardment-displacement 
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concept which concept was completely unknown before his 
invention. 


In view of this discussion, it is indeed puzzling how the 
District Court concluded that Schneider taught the relative 
displacement of a beam to the weld seam. It is obvious 
that the reference was misapplied. 


C. A Consideration of Claim 5 


The issues with respect to claim 5 are the same as those 
of claim 11 except the steps of focusing, directing, and ad- 
justing voltage and intensity are individually recited and 
the word ‘‘penetration’’ has not been used. 


Claim 5 reads: 


5. The method of welding adjoining metal in 
a vacuum which comprises 


Step 1 [ focusing an electron beam, 


Step 2 


directing the beam onto the path where the 
metal adjoins, 


Step 3 = the accelerating voltage of said 


Step 4 [ aajusting the intensity of said beam, 


producing a relative controlled displacement 
of said beam and said metal to cause the beam 

Step 5 to travel along the path where the metal 
adjoins. 


The District Court held that the method of claim 5 was 
obvious in view of the Schneider patent. Schneider does 
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not teach the invention of claim 5 for the same reason it 
does not teach the invention of claim 11. There is no teach- 
ing of a seam weld by displacement-bombardment, and if 
in fact the Schneider beam were moved along the filament 
it would destroy it. 


To hold that Schneider suggests the movement of a seam 
relative to the ‘‘tornado-like turbulence’? of an electron 
beam as taught by Stohr’s welding technique is contrary to 
all reason. Prior to trial, it is appellants’ opinion that ap- 
pellee recognized this and brought in a further defense of 
‘late claiming”’. 

D. Late Claiming 

Of course, the claims of the continuation-reissue (claims 
5 and 11, for example) were broader in some respects than 
the claims of the parent reissue. However, the procedures 
followed were proper and well within the standards of 
Patent Office practice. 


The District Court takes the position that this court 
should follow the case of La Maur, Inc. v. DeMert & 
Dougherty, Inc., et al., 265 F. Supp. 961 (N.D. TIL, 1965). 
The instant case is different from that case in almost every 
respect. In the La Maur case, among other background 
facts indicating something less than honesty by plaintiff, 
the following factors were present: 


(1) Another circuit had held the original patent invalid. 


(2) The patentee failed to disclose the best prior art 
to the Office after undertaking to do so. 

(3) The reissue claims were directed to an invention not 
disclosed in the original specification (i.e., the claims 
were based on ‘‘new matter’’, which is not in issue 
here). 


(4) The reissue oath did not support the broadened 
claims. 


(5) The reissue claims were invalid because there was 
no ‘‘inadvertence, accident or mistake’’. 
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In La Maur, claims in the original application recited the 
propellant Freon specifically. In the reissue oath, the ap- 
plicant stated that he should not be restricted to a par- 
ticular propellant and submitted claims with the more 
generic expression ‘propellant’. As finally allowed, the 
reissue contained claims without a propellant recitation at 
all! In the La Maur case, the broadened reissue claims 
were primarily based on new matter and because of a de- 
fective reissue oath of the applicant. 


Stohr did originally file for claims broader than the re- 
issue claims (JA 154, 155, original claims 1-4, 6 and 7 in 
particular). Unfortunately, his patent agent, not under- 
standing the true invention, mistakenly accepted only claim 
1. The claims under consideration now are of truely “in- 
termediate scope’? and are for the same invention as the 
one originally disclosed. 


The last paragraph of 35 U.S.C. 251 (authorizing re- 
issues) reads: 


‘‘No reissued patent shall be granted enlarging the 
scope of the claims of the original patent unless applied 
for within two years from the grant of the original 
patent.’’ 


It is obvious that the two year limitation refers to ap- 
plying for a reissue within the two year period—not the 
time for submission of claims. If that statute was meant to 
drastically change normal prosecution practices, it would 
have stated that. In other words, since the beginning of 
the United States patent system there has been a give-and- 
take system between applicant and Examiner. During a 
desirable prosecution, claims are altered (narrowed and 
broadened) until claims of the proper scope are agreed upon 
by the Examiner and the applicant. This practice should 
not be upset with a holding that reissue procedures are to 
be curtailed in this regard. These procedures were de- 
veloped because the Patent Office, the applicant, and the 
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' public are best served when the inventor is granted the 

most correct claims possible. The appellee’s own Rules 
of Practice state as much. Rule 176 of the Patent Office 
Rules of Practices states: 


“Rule 176. Examination of reissue. An original 
claim, if re-presented in the reissue application, is sub- 
ject to reexamination, and the entire application will 
be examined in the same manner as original applica- 
tions, subject to the rules relating thereto, excepting 
that division will not be required. Applications for re- 
issue will be acted on by the examiner in advance of 
filed application.’’? (Emphasis supplied) 


This certainly implies that an applicant is entitled to file 
continuations, divisions and other procedural standards ap- 
proved by the Patent Office. The patent statutes are quite 
precise in stating how co-pending continuations are to be 
treated. This is covered in 35 U.S.C. 120 which reads: 


«35 U.S.C. 120. Benefit of earlier filing date in the 
United States. An application for patent for an in- 
vention disclosed in the manner provided by the first 
paragraph of section 112 of this title in an application 
previously filed in the United States by the same in- 
ventor shall have the same effect, as to such invention, 
as though filed on the date of the prior application, if 
filed before the patenting or abandonment of or termi- 
nation of proceedings on the first application or on an 
application similarly entitled to the benefit of the 
filing date of the first application and if it contains or 
ss amended to contain a specific reference to the earlier 
filed appdication.’? (Emphasis ssupplied) 


The Stohr continuation-reissue is entitled to be ‘‘ex- 
amined in the same manner as original applications’’ and 
this, of course, includes ‘‘as though filed on the date of the 
prior application” wording of the statute. 


With respect to all three illustrative claims, the Patent 
Office and the District Court refused to acknowledge that 
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the inventions of Steigerwald and Stohr, in their broad 
concept defined by the appealed claims, are the same. Stohr 
only wished to have the Patent Office decide who was the 
first inventor of the broad welding concept claimed by 
Steigerwald. The Examiner (incorrectly) took a rigid view 
and would not accept the fact that the phenomena occurring 
in both teachings were the same. It is obvious that the 
Examiner believed Steigerwald’s ‘‘penetration theory’’ as 
did many physicists at that time. This forced the appli- 
cant to recite his claims in Steigerwald’s terms if he wished 
an interference. This arbitrary refusal by the Examiner 
and the Board should not mitigate against Stohr. 


E. Deep Welding, Inc. v. Sciaky Bros. Inc. 


The Sciaky-Deep Weld decision was called to the District 
Court’s attention at the opening of trial (Deep Welding, 
Inc. v. Sciaky Bros., Inc., 155 USPQ 561). This case is 
under vigorous appeal. The counsel for the Patent Office 
made reference to the fact that Sciaky Brothers, plaintiff’s 
US. licensee, took the position that several of the claims 
under consideration here were unpatentable. This is true, 
of course. The claims are unpatentable to Steigerwald be- 
cause Stohr was the first inventor. The position of Sciaky 
in the Chicago action was based on the fact that the Stohr 
patent and certain of his publications were anticipatory 
references against Steigerwald. In other words, in the 
Chicago action the Stohr patent and certain writings of 
Stohr (which could not possibly have been references 
against Stohr’s own patent) were put forth as statutory 
references against Steigerwald. The Chicago action is only 
of minor significance except that it shows the importance 
of the issues involved here. 


Of course, Sciaky Brothers are not part of the French 
Atomic Energy Commission. They are merely licensees. 
The French Atomic Energy Commission (as do most re- 
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' sponsible licensors) aided in the defense of their licensee. 
_ The attorneys for Sciaky had the mission of having Steiger- 
' wwald’s claims declared invalid even if Stohr’s patent had 
to suffer. One of the Chicago Court’s findings was directed 
' to the limitation of ‘‘periodically interrupting’’ and is ob- 
viously in error. Paragraph 70 of the Chicago decision 
(pages 571-572) reads: 


“70, Stohr Patent 2,932,720 teaches nothing about 
penetrating beam welding ... The Stohr patent is 
solely concerned with a method of forming a seam of 
overlapping spot welds by pulsing or periodically in- 
terrupting an electron beam as the beam is moved 
relative to the pieces being welded . . .? (Emphasis 
supplied) 


As pointed out at line 46 of the Steigerwald patent, he 
uses a time generator to produce the control pulses men- 
tioned above and repeatedly makes reference to the pulses. 
What is the difference between a control pulse and an inter- 


rupted beam? Steigerwald’s apparatus Figure 1 is an 
interrupted beam apparatus and as indicated, he lays great 
emphasis on it. 


Stohr mentioned an interrupted beam but once im one 
single sentence and included this limitation in only one 
of nine submitted claims (JA 146) but unfortunately ac- 
cepted a claim which included this minor aspect of his 
broad disclosure of the method for electric beam welding 
by bombardment-displacement. 


In ruling for the party Stohr in this particular action, 
this court will not be contesting or altering the Chicago 
decision. The instant action has two major facets, first 
whether claims of the 5 and 11 type (which claims were 
not under consideration by the Chicago court) are legiti- 
mately the property of the patentee Stohr, and whether 
claims of the scope of claim 9 should be remanded to the 
Patent Office to determine who was the first inventor. 
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It should be realized that should Stohr be awarded claims 
5, 9 and 11, he is nevertheless penalized. Under 35 U.S.C. 
252, equity protects those who have acquired intervening 
rights. The statute reads: 


“(No reissued patent shall abridge or affect the right 
of any person or his successor in business who made, 
purchased or used prior to the grant of a reissue any- 
thing patented by the reissued patent, to continue the 
use of, or to sell to others to be used or sold, the specific 
thing so made, purchased or used, unless the making, 
using or selling of such thing infringes a valid claim of 
the reissued patent which was in the original patent.” 


Thus, justice can still be rendered to Stohr without a con- 
sequent injustice to those having intervening rights. 


F. The “Electron Beam Welding” Publication 


In its opinion, the District Court listed two prior art 
references, namely the Schneider patent (JA 492) and an 
article ‘‘Electron Beam Welding”? which purported to show 
that Stohr did not teach ‘‘deep welding’. This article 
is dated in April 1961 over five years after Stohr’s claimed 
priority date. It cannot possibly be considered as prior 
art. (35 U.S.C. 102). Additionally, this reference has 
been used by the Examiner, the Board, and the District 
Court in attempts to show that Sciaky (appellants’ licensee) 
was not producing ‘‘deep welds”’ at the time of his priority 
date. These attempts are fundamentally wrong. First, 
the articles are obviously of a ‘‘puffing’”’ type to show the 
obstacles which Sciaky had to overcome and secondly, the 
claims on appeal do not call for a deep weld. The claims 
call for a weld, a thing clearly taught by Stohr. 
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Vv 
CONCLUSION 


It is respectfully requested that this Honorable Court 

| authorize the Commissioner of Patents to grant claims 5 

and 11 to the appellants, and remand to the Patent Office 
the question of priority of inventorship as to claim 9. 


In making a determination for claims 9 and 11, this 
i court must decide whether Stohr can use the term ‘‘pene- 
‘ trate’?. In deciding this issue, it must be recalled that 
the phenomenon occurring when a beam strikes a metal 
is the same the world over regardless of who does it. No 
' words or semantics can change that. When an electron 
beam strikes a metal, certain laws of physics are followed. 
To deprive the patentee Stohr of his invention because he 
' did not use a particular indefinite term (penetrate) is not 
reasonable. The crucial point is whether the electron beam 
| behaves in the same manner when following either the 
Stohr or Steigerwald processes. 


It is submitted that the method defined by claims 5 and 
| 11 would not have been obvious to one having ordinary 
' skill in the art from the teachings of the Schneider ref- 
erence. 


It is submitted that claims 5 and 11 were ‘‘timely”’ filed 
‘ jnasmuch as they were based on the original disclosure 
| and were co-pending with a reissue application duly filed 
' and accepted as such by the Patent Office. 


It is submitted that the Stohr disclosure fully supports 
claim 9, the patentability of which is not in dispute. 


Respectfully, 


Joun J. BYRNE 
Barer & McKenzm 
815 Connecticut Avenue, N. W. 
Washington, D. C. 20006 
Attorneys for Plaintiff- 
Appellants 


Certificate of Service 


I hereby certify that a copy of the foregoing APPEL- 
tants’? Brier, was mailed today to Joseph Schimmel, 
Esq. United States Patent Office, Commerce Building, Wash- 
ington, D. C. 20231. 


Ee 


Jonn J. BYRNE 


Attorney for Appellants 


Dated: December 2, 1968 
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STATEMENT OF ISSUES PRESENTED 


In the opinion of the appellee, the questions pre- 
sented in these consolidated appeals are: 


1. Was the District Court clearly wrong in holding, 
on the evidence before it, that claim 13 of appellants’ 
Reissue Application Serial No. 186,617 and claims 2 
through 5 and 10 through 12 of appellants’ continua- 
tion Reissue Application Serial No. 393,800 are un- 
patentable over the patent to Schneider under the pro- 
visions of 35 U.S.C. 103? 

2. Was the District Court clearly wrong in holding, 
on the evidence before it, that claims 2 through 5 and 
10 through 12 of appellants’ continuation Reissue Ap- 
plication Serial No. 393,800 are barred to appellants 
under the provisions of 35 U.S.C. 251 because they are 
broader than the single claim of the original patent 
and broader than the claims originally presented in 
Reissue Application Serial No. 186,617 and were pre- 
sented in an application filed more than 2 years after 
the date of the original patent grant? 

3. Was the District Court clearly wrong in holding 
that claims 2, 4,5 and 6 of Reissue Application Serial 
No. 186,617 and claims 6, 7, 8, and 9 of continuation 
Reissue Application Serial No. 393,800 do not find 
support in the original Stohr application disclosure, 35 
U.S.C. 112? 


IN THE 


Rnited States Court of Appeals 


FOR THE DISTRICT OF COLUMBIA CIRCUIT 


Appeal Nos. 22257 and 22258 


JACQUES ANDRE STOHR AND COMMISSARIAT A 
L’ENERGIE ATOMIQUE, STATE ADMINISTRATION 
APPELLANTS 


uv. 


EpWARD J. BRENNER, COMMISSIONER OF PATENTS 
APPELLEE 


Appeal from the Judgment of the United States 
District Court for the District of Columbia 


BRIEF FOR APPELLEE 


STATEMENT OF THE CASE 


A. Introduction 
This is an appeal [J.A. 113] from the order of the 
United States District Court for the District of Co- 
lumbia [J.A. 107, 109 et. seq.] dismissing the Com- 
plaints in a consolidation of Civil Actions Nos. 95-96 


(1) 
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and! 96-66 [J.A. 114] brought against the Commis- 
sioner of Patents, appellee, under the provisions of 35 
U.S.C. 145. Appellants sought to have the Court au- 
thorize the appellee, Commissioner of Patents, to grant 
Reissue Letters Patent based on certain claims [J.A. 
199-201 and 223, 224] of Reissue Application 186,617 
and the continution reissue application of appellant, 
Stohr, Serial No. 398,800, filed July 10, 1964 [J.A. 
375’ et. seq.] entitled “Metal Welding Methods”, for 
reissue of Patent No. 2,932,720, [J.A. 488 et. seq.] 
granted to the appellant, Stohr, on April 12, 1960 
more than four years earlier. Reissue Application Se- 
riali No. 398,800 [J.A. 375 et. seq.] involved in Civil 
Action 95-66 and Appeal No. 22257 is stated to be a 
continuation of Reissue Application Serial No. 186,- 
617 [J.A. 192 et. seq], filed April 9, 1962, involved in 
Appeal 22258. A Motion to Consolidate Appeals No. 
22257 and 22258 was granted by the Court on Janu- 
ary 4, 1968. 

The appellants, Commissariat A. L’Energie Atomi- 
que State Administration, is the record assignee of 
the' appellant Stohr’s patent and reissue applications 
referred to hereinbefore. 

At the trial, it was agreed by counsel on both sides 
[J.A. 30] that the controversy could be resolved by a 
consideration of three claims i.e., claims 5, 9, and 11 
of Reissue Application Serial No. 393,800 involved in 
Civil Action 95-66 (Appeal No. 22257). 

The Complaint was dismissed by the District Court 
{J-A. 107] after a trial at which the appellants intro- 
duced expert testimony and physical exhibits in an 
effort to show that the tribunals of the Patent Office 
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had erred in concluding that a patent could not be 
lawfully granted on the involved applications. The 
District Court rendered an opinion [J.A. 109], sepa- 
rately setting out Findings of Fact and Conclusions of 
Law [J-A. 102], sustaining appellee’s refusal to grant 
the requested patent. Notice of appeal was timely 
filed on August 2, 1968. 


B. Appellants’ Application 


The application involved in this consolidated ap- 
peal, Reissue Application Serial No. 393,800 [J.A. 
375 et. seq.], relates to improvements in prior art 
welding methods, The chief object of appellants’ 
method, as stated in the specification, is to eliminate 
risk of oxidation of the metals during welding. Ap- 
pellant Stohr accomplished this objective by an elec- 
tronic bombardment of the pieces to be welded in a 
rarefied atmosphere. 

As shown in Figure 1 of the application drawings 
[J.A. 125, 390], two metallic pieces to be joined by a 
line of weld 1 are rotated about an axis x-x in a gas 
tight enclosure. Electrons emitted from the filament 
of a cathode 5 are directed and concentrated by an 
electron lens 6 onto the point of contact of the metals. 
Acceleration of the electrons is obtained by means of 
an accelerating electrode 10 interposed between the 
cathode 5 and the joint 1. 

In the embodiment of Figure 2 [J.A. 125, 390], the 
cathode 5 with its filament 4 and its lens 6 are moved 
along a bar 15 to produce a rectilinear line of weld. 

Appellant Stohr states [J.A. 380, 491] that the 
welding may be effected in a discontinuous fashion as 
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a succession of spots which partially overlap by peri- 
odically cutting off the electron accelerating voltage 
thereby causing a succession of impulses in the elec- 
tronic current. 

The single claim of the Stohr patent No. 2,932,720 
[J.A. 491], which forms the basis of the Stohr reissue 
applications here involved [J.A. 375], is limited to a 
process wherein the beam is periodically interrupted 
while producing a relatively controlled displacement of 
the beam and the two pieces of metal to be welded. 


C. The Appealed Claims 


Claims 2 through 5 of continuation Reissue Appli- 
cation Serial No. 393,800 [J.A. 384] are directed to a 
method of welding adjoining metal pieces in a vacuum. 
Basically, they call for the three steps of: 


‘1. directing a focused electron beam onto the path 
where the metal adjoins, 
2. adjusting the accelerating voltage and/or the 
intensity of said beam, and 
|. producing a controlled relative displacement of 
‘said beam and said metal to cause the beam to 
travel along the path where the metal adjoins. 
Claims 6 through 9 [J.A. 384, 385] are directed to 
a method of welding two materials in a vacuum by 
direct energy transfer to the material and without 
relying upon heat conduction through the material to 
melt the material to the desired weld depth comprising 
the two steps of: 
1. focusing a beam of charged particles on the 
materials to be welded, and 


2. setting the beam intensity to penetrate into the 
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material and to fuse the material over the entire 
depth of the penetrating beam. 


Claims 10 and 12 [J.A. 385, 386] call for a method 
of welding two materials in a vacuum together along 
a seam which comprises the two steps of: 


1. focusing a beam of charged particles on the 
abutting edges of the materials at the seam so 
that the beam yields its energy to two materials, 
and 


2. regulating the beam intensity to release the 
kinetic energy of the beam to the materials to 
heat the materials, until they melt and fuse to- 
gether. 
Claim 11 [J.A. 386] is similar to claim 10 except 
that it calls for regulating the beam intensity to pene- 
trate the materials. 


D. The Prior Art 


Schneider, No. 2,778,926 [J.A. 494] discloses a 
method of welding and soldering adjacent portions of 
two bodies by electron bombardment. In the Schneider 
process, a beam of electrons of variable intensity 
[J.A. 496, col. 2, lines 25, 26] is focused on the point 
of weld [J.A. 497, col. 4, lines 37-89 and 48] to heat 
the same until fusion occurs. According to the 
Schneider process [J.A. 497, col. 4, lines 53-57] elec- 
trical or mechanical connections are produced by weld- 
ing, soldering, sintering or similar processes in such 
a manner that the parts to be connected are brought 
into contact and heated by the beam of electrons for 
a short time” (emphasis added). 

The “Electron Beam Welding” publication [J.A. 
117], published after the filing date of appellant 
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Stohr’s original application and cited to show the state 
of the art, discusses electron beam welding in general 
and the developments of appellant, Stohr, specifically. 
According to the publication [J.A. 119], the Stohr ap- 
paratus operated at 25,000 volts and had limited 
focusing capabilities. The article states [J.A. 119] 
that the weld produced by the Stohr apparatus has a 
typical depth to width ratio of unity, which is char- 
actéristic of welds that rely on heat conduction to pro- 
duce fusion depth. The publication also indicates that 
below 30kv, deep welding could not be accomplished 
until a gun having the requisite high power beam den- 
sity was developed. 


E. Grounds For Refusal 
Both the Board of Appeals [J.A. 126, 183] and the 


District Court [J.A. 105, 109] found claims 2 through 
5, inclusive, and 10 to 12, inclusive, [J.A. 384-886] of 
which claim 5 is representative, to be unpatentable 
over the Schneider reference. 

Claims 6 through 9, inclusive, [J.A. 384, 385] of 
which claim 9 is representative, were rejected by the 
Patent Office Tribunals [J.A. 127, 134] as not being 
supported by an adequate disclosure in the original 
Stohr application to support the claims as drawn. The 
District Court sustained that decision [J.A. 106, 110]. 

At the trial, a new defense was interposed by ap- 
pellee. It was indicated [J.A. 32 et. seq.] that claims 
2 to 5 and 10 to 12, inclusive, are also unpatentable 
under the provisions of 35 U.S.C. 251 because they 
were presented more than two years after the date of 
issuance of the Stohr patent and are broader than the 
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single claim of the original patent and broader than 
the reissue claims originally presented in Reissue Ap- 
plication Serial No. 186,617. The District Court so 
held [J.A. 105, 110]. 


SUMMARY OF ARGUMENT 


1. Appellants have the burden of showing that the 
District Court was clearly wrong in finding (1) that 
the subject matter of claim 18 of appellants Reissue 
Application Serial No. 186,617 and claims 2 to 5 and 
10 to 12, inclusive, of Continuation Reissue Applica- 
tion 398,800 would have been obvious at the time it 
was devised to a person of ordinary skill in the art 
[Finding of Fact 9, J.A. 105], (2) that claims 2, 4, 5, 
6, 11 and 12 of Reissue Application Serial No. 186,617 
and claims 6, 7, 8 and 9 of Continuation Reissue Ap- 
plication 393,800 are not supported by the original 
Stohr application disclosure [Findings of Fact 5, 6, 
and 7, J.A. 104]; and that claims 2 to 5 and 10 to 12, 
inclusive, of continuation Reissue Application Serial 
No. 393,800, which were not applied for until more 
than two years after the original Stohr patent was 
granted, are broader than the claims of the original 
Stohr patent [Finding of Fact 8, J.A. 104]. Appel- 
lants have failed to make such a showing. 

2. The Schneider patent discloses a method of weld- 
ing in a vacuum which includes the basic steps 
claimed by appellants. The limitations recited in the 
claims not disclosed by Schneider would have been ob- 
vious to a person of ordinary skill in the art. 

3. The rejection of claims 6 to 9, inclusive, as being 
broader than the disclosure is supported by the record. 
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4. Claims 2 to 5 and 10 to 12, inclusive, are barred 
to appellants by Title 35, Section 251, U.S.C. 


ARGUMENT 


A. Appellants’ Burden Of Proof 


It' is respectfully submitted that the basic issue in 
this appeal is whether there is rational basis for the 
holdings by the lower Court [J.A. 105] and by the 
Patent Office that the subject matter of claims 2 
through 5 [J.A. 384] and 10 to 12, inclusive, [J.A. 
385, 386] is obvious to workers of ordinary skill in the 
art from the teaching of the Schneider patent [J.A. 
494]; that claims 6 to 9, inclusive, [J.A. 384, 385] are 
not supported by an adequate disclosure in the original 
Stohr application; and the Trial Court’s finding that 
claims 2 to 5 and 10 to 12, inclusive, are also unpat- 
entable under the provisions of 35 U.S.C. 251 because 
they are broader than the single claim of the original 
patent [J.A. 488] and broader than the reissue claims 
originally presented in Reissue Application Serial No. 
186,617 [J.A. 199-201 and 223, 224]—-Abbott et al. v. 
Coe, 71 App. D.C. 195, 109 F.2d 449; Esso Standard 
Oil Co. v. Sun Oil Co., 97 App. D.C. 154, 229 F.2d 37. 
In Abbott et al. v. Coe (supra) this Court stated: 

“the question for us is not whether in our opinion 

there was invention, but whether the finding that 

' there was none is consistent with the evidence.” 
Similarly, in John-Mansville Corp. v. Ladd, 328 F.2d 
568, 140 USPQ 362, it was stated: 


_ «* * * TA]s we have frequently stated, the find- 
ings of the Patent Office, an expert administra- 
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tive body, especially when confirmed by the Dis- 
trict Court, will not be overturned here unless in- 
fected with error. Zenith Radio Corporation v. 
Ladd, 114 U.S. App. D.C. 54, 57; 310 F.2d 859, 
862 (1962)”, 185 USPQ 216. 


Only if the evidence in a particular case overcomes 
these presumptions and shows that the findings are 
“clearly wrong”, does this Court reverse. Bullard Co. 
et al. v. Coe, 79 U.S. App. D.C. 369, 370, 147 F.2d 
568; Watson v. Bersworth et al., 102 U.S. App. D.C. 
187, 251 F.2d 898; Stieg v. Commissioner of Patents, 
147 USPQ 356. Appellants, accordingly, have the 
burden of proving that there is no rational basis in 
the evidence before the District Court for its decision. 


B. Unpatentability Of Claims 2 to 5 and 10 to 12 
Over the Prior Art 

As already pointed out, claim 5, treated as repre- 
sentative of claims 2 to 5, inclusive, and 10 to 12, in- 
clusive, by counsel for both sides and the District 
Court, calls for a method of welding in a vacuum. The 
patent to Schneider [J.A. 494], in the language of 
exemplary claim 5 [J.A. 384], discloses a method of 
welding [J.A. 496, col. 1, lines 15, 18, 27] two pieces 
of metal in a vacuum [J.A. 496, col. 2, lines 28, 32- 
35] which comprises focusing an electron beam on the 
path where the metal joins [J.A. 496, col. 1, lines 53- 
57; J.A. 497, col. 3, lines 38-40] and adjusting the 
accelerating voltage and intensity of the beam [J.A. 
496, col. 2, lines 26, 27, 68, 69]. Schneider also 
teaches “moving the material to be melted relative to 
the beam of electrons” [J.A. 497, col. 3, lines 63 to 
66; J.A. 496, col. 2, lines 27 to 29]. Therefore, the 
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disclosure of the Schneider patent answers to all of 
the limitations of representative Claim 5 except that 
which calls for producing a controlled relative dis- 
placement of the beam and the metal to “cause the 
beam to travel along the path where the metal ad- 
joins” (emphasis added). 

As properly pointed out by the Examiner in his 
Answer [J.A. 180, first paragraph] and contrary to 
appellants’ arguments (Brief for Plaintiffs-A ppel- 
lants-25), the claimed step of effecting relative motion 
between the beam and the work to form a continuous 
seam would be obvious under the standard imposed by 
35 U.S.C. Section 103. The following testimony of 
appellants’ expert witness, Dr. Moon, elicited on cross- 
examination [J.A. 81, 82], together with the state- 
ment in the Schneider patent that “mechanical electri- 


cal, or magnetic means are provided for holding and 
moving the work piece” [J.A. 496, col. 2, lines 27, 28] 
would appear to point inevitably to that conclusion : 


“Q Then moving on, if you will, to the last 
limitation in this claim: 
Producing a relative controlled displacement of 
said beam and said metal to cause the beam to 
travel along the path where the metal adjoins. 


_ Now, does this not convey to you that either the 
beam can be moved or the material can be moved? 

A Which—? 

Q This limitation here. 

A Yes, the beam relative to one or the other— 

Q Either can be moved, or— 

A Right. 

Q Is it not common in welding to move, even 
in the electric are welding or actetylene torch 
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welding, to move either the torch along the work, 
or the work along the torch? 

A Right. 

Q To get it joined. 

A Right. 

The Schneider statement that means is provided to 
move the work piece could only mean that it is to be 
moved in a controlled fashion relative to the beam. In 
view of the clear disclosure of the Schneider patent 
and the testimony of appellants’ expert witness, Dr. 
Moon, it is respectfully submitted that the Board of 
Appeals [J.A. 127, Defendant’s Exhibit 1, Paper E] 
was obviously correct in sustaining the Examiner’s re- 
jection holding claims 2 to 5, inclusive, and 10 to 12, 
inclusive, to be unpatentable over the patent to 
Schneider, 35 U.S.C. Section 103 and that the District 


Court had a rational basis for its finding of obvious- 


ness. 

As noted, claim 11 also stands rejected as being un- 
patentable over Schneider, 35 U.S.C. 103, From what 
has just been said in connection with claim 5, it is be- 
lieved clear that this rejection is also supported by the 
record and the evidence. As will be pointed out here- 
inafter, the limitation “to penetrate the materials” 
found in claim 11 is not supported by the original dis- 
closure of the Stohr patent [J.A. 488] and therefore 
cannot be relied upon to distinguish claim 11 over the 
Schneider patent. 


C. The Rejection Of Claims 6 to 9, Inclusive, As 
Being Broader Than The Disclosure 


As also noted in the “Grounds For Refusal”, claims 
6 to 9, inclusive, of which claim 9 is representative, 


12 


were finally rejected by the Examiner [J.A. 397], as 
not being supported by an adequate disclosure in ap- 
pellant Stohr’s specification as required by, 35 U.S.C. 
112. At the trial it was indicated that claim 11 should 
also be placed with this group. However, it is to be 
noted that claim 11 was also rejected by the Patent 
Office Tribunals [J.A. 397] as being unpatentable over 
Schneider. It is submitted that this rejection, affirmed 
by the Board of Appeals and sustained by the District 
Court, was also proper and merits the approval of this 
Court. 

Representative claim 9 [J.A. 385], copied in Stohr’s 
application from the Steigerwald patent [J.A. 515] de- 
fines a method of welding two materials in a vacuum 
along a seam between the two materials “by direct 
energy transfer to the material and without reliance 


upon heat conduction through the material to melt the 
material to the desired depth” (emphasis added) 
comprising the steps of: 


1. “focusing a beam of charged particles at the 

- seam between the pieces of material to be welded, 
and” 

2. “setting the beam intensity to penetrate into 
the materials and simultaneously to heat the ma- 
terial along the entire depth of the penetrating 
beam until the materials melt and fuse together”. 
(emphasis supplied.) 

In rejecting claim 9 as not being supported by the 
specification, the Examiner in his Answer [J.A. 130], 
properly pointed out, it is submitted, that (1) the con- 
cept of welding without reliance upon heat conduction 
and (2) setting the beam intensity so as to effect work 
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penetration are beyond the scope of the Stohr applica- 
tion as filed. In this connection, the case of Deep 
Welding Inc. v. Sciaky Bros., Inc., 155 USPQ 561, is 
believed to be in point, and to support the decision of 
the District Court. In that case, contrary to appel- 
lants’ arguments (Brief for Plaintiffs-Appellants-13, 
16), the Court found (page 571 et. seq.) that the 
Stohr patent [J.A. 488] on which the reissue applica- 
tion here involved is based “teaches nothing about 
penetrating beam welding. The reference [the Stohr 
patent] says nothing about the weld geometry which 
is produced, does not depict any weld cross section and 
says nothing which would suggest that Stohr was 
teaching a process capable of producing a narrow, 
deep weld. The Stohr patent says nothing at all 
about the power densities which should be employed, 
and nowhere suggests that there is some transition in 
operation from surface heating to beam penetration 
if power density is increased above a threshold value. 
The Stohr patent is solely concerned with a method of 
forming a seam of overlapping spot welds by pulsing 
or periodically interrupting an electron beam as the 
beam is moved relative to the pieces being welded, In- 
sofar as can be determined from the Stohr patent dis- 
closure, each of the overlapping spot welds made by 
the Stohr apparatus is effected by surface heating, 
relying upon heat conduction to weld in depth; and 
the resultant weld has a width which is at least as 
great as its depth”. 

In challenging the action of the Patent Office Tri- 
bunals, appellants, among other things, argued before 
the District Court (Brief for Plaintiff-Appellants-5) 
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that the Patent Office erred because of its misunder- 
standing of the word “penetrate”. They alleged that 
when the word “penetrate” is given the meaning Steig- 
erwald gave it, the claims have no meaning. Their 
arguments in this respect and those now advanced 
(Brief for Plaintiff-Appellants-17) to the effect that 
when an electron beam strikes a plate, the result is 
always the same, are submitted to be without merit. 
The interpretation placed by the Patent Office tribunal 
on the word “penetrate” is the same as that placed on 
the same word by the patentee, Steigerwald, who is 
his own lexicographer, Canaan Products, Inc. v. Ed- 
ward Don & Co., 388 F.2d 540. As was pointed out 
in Deep Welding, Inc. v. Sciaky Bros., Inc., supra, 
(page 564), the Steingerwald patent is addressed to 
a method wherein “the beam itself penetrates into or 


through the workpiece” and describes a number of 
tests which can be employed so that a person skilled in 
the art may determine if he is practicing Steiger- 
weld’s penetrating beam welding method rather than 
the surface heating method of the prior art. No 
where in appellants’ original specification do we find 
a mention made of either the distinction or the tests. 


D. Claims 2 to 5 and 10 to 12 are Barred by 
Title 35, Section 251 of the United States Code 
The further rejection of typical claim 5, [J.A. 384] 
representative of claims 2 to 5 and 10 to 12, inclu- 
sive, as being barred by Title 35, Section 251 of the 
United States Code is based on the fact that claim 5 
is broader than the single claim [J.A. 491] of Stohr 
patent [J.A. 489] and broader than any claim of 
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plaintiffs’ original Reissue Application 186,617 [J.A. 
192] involved in Civil Action 96-66 (Appeal No. 
22258). 

The last paragraph of 35 U.S.C. 251 provides 
that: 


“No reissue patent shall be granted enlarging the 
scope of the claims of an original patent unless 
applied for within two years from the grant of 
the original patent”. 

This clear and unambiguous language permits of 
no exceptions or qualifications as to time or extent of 
enlargement. In re Rogoff, 120 USPQ 185, 261 F.2d 
601, 46 CCPA 733. ° ie 57 

The single claim of the original Stohr patent [J.A. 
491] contains the following limitation: “periodically 
interrupting said beam while producing a relative con- 
trolled displacement of said interrupted beam”. That 
limitation as omitted from’ claims 2 to 5 and 10 to 12, 
inclusive, of Reissue Application 393,800 [J.A. -334- 
386]. Indisputably, the omission of the aforesaid 
limitation broadens these claims. Moreover, the omis- 
sion of the specific limitations as to beam penetration 
found in the original reissue claims of Reissue Appli- 
cation Serial No. 186,617 [J-A. 200, 201] further 
broadens ‘claims 2 to 5 and 10 to 12, inclusive. A 
claim is broadened, so far as the question of right to 
reissue is concerned, if it is so changed as to bring 
within its scope any article, composition, structure or 
process which was not within the scope of the original 
claim. In re Rogoff, supra. In this case, typical claim 
5 and, in fact, all of the claims here involved would 
embrace methods in which the beam is not periodically 
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interrupted. Claims 2 to 5 and 10 to 12, inclusive, 
which omit not only the limitation of “neriodically 
interrupting” the beam but the specific limitation as 
to beam “penetration” found in the original reissue 
claims as well are, therefore, broader than the single 
original claim of the Stohr patent and those claims 
originally presented in plaintiffs’ Reissue Application 
Serial No. 186,617. Accordingly, they are barred to 
plaintiffs by the express requirements in the quoted 
provisions of 35 U.S.C. 251. La Maur Inc. v. De Merit 
& Dougherty, Inc., 148 USPQ 59, 73; 265 F.Supp. 
961. 

On page 26 of their appeal brief, appellants point to 
the original claims of the Stohr application which 
were cancelled prior to the allowance of that applica- 
tion and note that certain of these claims were 
broader than the issue claims. Their position ap- 
pears to be that the presence of broad claims in an 
application as filed which are cancelled prior to issu- 
ance of a patent on other narrower claims entitles one 
to recapture broadened claims in a reissue application 
filed more than two years later. No authority is of- 
fered supporting any such position, and none is known. 
To adopt any such view would be contrary to the ex- 
press provisions of Section 251. Under those provi- 
sions, the claims of an original patent, not the claims 
of the original application, serve as the bench mark 
for determining whether or not there has been an 
enlargement of the scope of the original patent. 
Moreover, the time that the doubly broadened subject 
matter is applied for i.e., the actual date of filing of 
the continuation reissue application, not the effective 
date of the continuation reissue application, contrary 
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to plaintiff-appellants’ arguments (Brief For Plain- 
tiff-Appellants-25-27), is to be used in determining 
whether the broadening occurred outside the two year. 
period provided for in 35 U.S.C. 251. La Maur, Ince. 
v. De Mert & Dougherty, Inc. (supra). 

In Section “F” of their Appeal Brief (Br-31), ap- 
pellants challenge the viability of the Electron Beam 
Welding Publication used to show the state of the art 
because of its date which is subsequent to that of ap- 
pellant Stohr’s priority date. Their arguments in this 
respect are also submitted to be without merit. The 
fact that the Electron Beam Welding article was pub- 
lished after appellant Stohr’s filing date does not pro- 
hibit its limited use to show the state of the art. In re 
Wilson et al., 50 CCPA 778; 311 F.2d 266; 185 USPQ 
442, 


CONCLUSION 


It is respectfully submitted that, for the foregoing 
reasons, the conclusions reached by the Patent Office 
Tribunals and the District Court that the subject mat- 
ter of claims 2 to 5, inclusive, and claims 10 to 12, in- 
clusive, of appellant Stohr’s Reissue Application Se- 
rial No. 393,800 is obvious in view of the disclosure 
of Schneider, 35 U.S.C. 108; that claims 6 to 9, inclu- 
sive, of the same application are not supported by the 
original Stohr application disclosure, and that claims 
2 to 5, inclusive, and 10 to 12, inclusive, are also 
barred to appellants by the provisions of 35 U.S.C. 
251 find support in the evidence of record in this pro- 
ceeding, and that there is reasonable and rational 
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basis in that record for the judgment of the District 
Court dismissing the Complaint. The decision appealed 
from should, therefore, be affirmed. 


Respectfully submitted, 


JosEPH SCHIMMEL 
Solicitor, United States Patent Office 
Attorney for Appellees 


LUTRELLE F. PARKER 
Of Counsel 


December 31, 1968 


19 


THE 


United States Court of Appeals 


FOR THE DISTRICT OF COLUMBIA CIRCUIT 
Appeal Nos. 22257 and 22258 


JACQUES ANDRE STOHR AND COMMISSARIAT A 
L’ENERGIE ATOMIQUE, STATE ADMINISTRATION— 
APPELLANTS 


uv. 


EpDWArD J. BRENNER, COMMISSIONER OF PATENTS— 
APPELLEE 


CERTIFICATE OF SERVICE 


I hereby certify that a copy of the foregoing Brief 
for Appellee was mailed today to John J. Byrne, Baker 
& McKenzie, 815 Connecticut Avenue, N. W., Wash- 
ington, D. C. 20006, Attorneys for Plaintiffs-Appel- 
lants. 


JOSEPH SCHIMMEL 
Solicitor 


Hw. 8. COVERNMENT PRINTING OFFICE; 1969 331407 445 


